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1,01 NO I OAU 


Do luting dien la mot trong nhifng mon hoc ky thuat cd sd 
cua cac nganh thudc llnh vifc Dien - Dien tuT. 

Trifdc day, mon Do lifdng dien thifdng chia ra 3 phan: 

Do luting dien 

Do lifting dien tu 1 

Do lifting cac dai lifting khdng dien 

Hien nay, do khoi lifting kien thifc cac mon chuyen nganh 
ngay cang nhieu, quy thdi gian danh cho cac mon ky thuat cd sd bi 
giam; sd phat tricn nhanh cua linh kien cam bien; dong thdi, cac 
nganh dao tao thuoc lTnh vut Dien - Dien td deu cd nhu cSu hieu biet 
gan gidng nhau; mon Do lifting dien difdc chia lai thanh 2 phan: 

Do lifting Dien va Dien tif 

Cam bien - Do lifting va dieu khien (thay cho mon Do 

lifting cac dai lifting khdng dien) 

De dap u"ng yeu cau hoc tap theo phifdng phap mdi, giang 
vien day khong doc chep, hoc sinh / sinh vien phai cd giao trlnh 
thich hdp vdi dieu kien hien nay; hai giao trinh Iren difdc bien soan 
cd tinh thifc te, chon loc noi dung thich hdp, giam bdt phan ly luan 
tinh toan khdng can thiet. Hy vpng giao trinh nay se difdc ddc gia 
don nhan nhif cac giao trinh da phat hanh trong bo giao trinh Ky 
thuat Dien - Dien tut do chiing toi chu trifdng. 

Tuy da rat co’ gang, nhifng do han che ve tai lieu tham khao 
va thdi gian nghien ctfu, giao trinh nay ch^c chan con nhieu khiem 
khuyet. Rat mong nhan difdc sif dong gop y kien cua ban doc de 
sach du-dc hoan thien hdn trong lan tai ban sau. 

HCM, ngay 07 thang 10 nam 2007 
Tac gia 
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CHlfCfNG 1 

KHAI NIEM CCf BAN VE DO LtfCfNG DIEN 

§1.1- DAI CL/ClNG 

1- Cac dinh nghTa 

a) Do luting-. la qua trinh danh gia djnh lUdng ve dai luting can 
do de co dUclc ket qua bang so do vtii dtin vi do. 

b) Do luting hoc: la nganh ky thuat chuyen mbn nghien ctfu 
nhufng phtiting phap va thiet bi de do cac dai luting ve ly. hoa. 
sinh .... nghien cuTu mau va dtin vi do. 

c) Ky thuat do luting: la nganh ky thuat chuyen mon nghien cuTu 
de ap dung thanh qua cua do luting hoc vao phuc vu san xuat 
va dtii song. 

Ky thuat do lu’ctng dien va do luting dien til la 2 nganh phat 
trien nhanh va dtftic surdung nhieu nhat nhti cac Uu diem: chinh xac, 
nhanh chong, de sur dung va co kha nSng do dtidc hau het cac dai 
lUting co trong san xuat va sinh hoat. 

2- Dai lilting do lilting 

DUa vao tinh chat co ban cua dai luting do, chia ra: 

- Dai luting dien 

- Dai luting khong dien (nhu dai luting cti, nhifit, hoa, sinh ...) 

a) Dai lurng dien con dtidc chia ra 2 loai la dai luting dipn 
thu dong va dai luting dien tac dong. 

- Dai lUting dien thu dong nhU: dien trti, dien dung, dien 
cam. Khi do cac dai luting nay, thiet bj do phai cung cap dien ap 
hay dong dien cho mach do. 
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Do KrPng dicn va dien luf 


Nguyen Ta n PhuVic 


- Dai lifting dien tac dong nhiT: dien ap, dong dien, edng suat, 
dien nang, tan so ... 

b) Dai lifffng khbn # dien cb rat nhieu trong d(1i song nhif: 
nhiet do, anh sang, ap suat, tif tufting, life, toe do, vi tri, khoang 
each, dp am ... 

De ed the do diftle cac dai lifting khdng dien hang thiol hi do 
dien hay dien tu\ phai dung cac bo cam bicn (sensor) chuyen nhCfng 
dai lifting tren thanh tin hieu dien tnft'lc khi dda vao thiol hi do. 

§1.2- THIET HI DO - CHlfC NANG - DAC TINH 

1- Thiet hi do 

La thiet hi ky thuat dung de bicn doi tin hieu do thanh so do 
tien Mi cho ngiftti sd dung* 

2- Chtfc nan|^ cua thiet hi do 

Thiet hi do cd chtfc nang cung cap ket qua do dai lining dang 
khao sat hay dung ket qua do de dieu khien lai qua trinh tun ra dai 
lifting can do. 

Thi du: may do dien dp se chi thi gia tri dien ap do diftle tren 
bang do; much do cua bp on dinh dien ap se lay gia tri dien ap do 
diftic d ngd ra dieu chinh lai much cung cap de cho ra dien ap on 
dinh. 

3- Dac tinh cua thiet hi do 

Tuy thude each thife do, can tao hay each chi thi ket qua do 
ngifdi ia phan hiet cac loai thiet hi do theo dac tinh nhif sau: 

- Thiet hi do dien va thiet hi do dien id 

- Thiet hi do lifting tif va thiet hi do chi thi so 

- Thiet bj do lifting tif xa va thiet hi do lifting dieu khien id xa 
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Chififm! 


Khai nicm c<f ban \c do lifting dicn 


§1.3- SAI SO VA CAP CH1NH XAC Cl A THIET B1 t)0 
1- Sai so trong do lifting 

Moi thiol hi do den co cap chinh xac neng, ngoai ra khi do 
con nhicu you to iinh lufting den ket qua do gay ra sai so (nhif: each 
do, each doc, nhiet do moi trufting, dieu kicn khi do ...). Trong do 
lifting ngiftii la chia ra eae loai sai so la: 

a) Sai so luyet doi: tinh thco cong thu’c (error: sai so, sai biet) 


e, t = AX = Xu - X n 


(a: absolute - tuyet doi) 


trong do: X 0 lu gia tri tin cay diftica gia iri chuan 
X„ gia ti i do dude 


b) Sai so lifting dor. tfnh thco ti 1c Vr 


A\. - X 


1 . 100 % 


(r: relative - tifonu doi) 


c) t)d chink xac tiding doi : 

v v 
A',. 


ti'nh iheo %: a= 100% - c r 


Thi dn : mol (.lien tn’l man tri so 100Q, iJimg ohm kc do duVlc 99Q 

Ta co sai so tuyet doi la: e,, = 100 - 99 = IQ 

100 - 99 

Sai so iLfcfim doi la: c =--—.100% = 1% 

100 

I ]00 - 99 

Do chinh xac la: A = 1 --= 0.99 

| 100 

Hay: a = 100% - 1% = 99% 

2- Cap chinh xac 

Khi si'f dung thiel hi do. tuy theo you cau cu the ciia muc dfch 
do ma can co ket qua chinh xac 0 mure do cao hay lhap. Thiel hi do 
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Do Itfdng (lien va dicn tu' 


Nguyen Tan Phi/dc 


khi san xuat se dtfdc thiet ke va che tao theo mot tieu chuan nhat 
dinh de xac dinh cap chinh xac. Tif cap chinh xac nay ta co the ttnh 
dutfc sai so" cua ket qua do. 


Thi du: may do cap chinh xac I co gidi han sai so cua thang la I c k. 


Cap chinh xac cua thiet hi do la gia tri sai so cite dai mil thiet 
bi do m3c phai. Qui dinh cap chinh xac cua thiet hi do chinh la sai 
so" tufdng doi qui doi cua thiet bi do va dtftfc qui dinh cu the la: 

y% = ^^100% 

Trong do: AX I( ,: sai so tuyet doi cut dai 

X„, gia tri cut dai cua thang do 

Thi du: mot volt ke cd cap chinh xac ±2%. O thang do 
500V, tinh gidi han sai so khi do dicn ap 200V. 


Ta co: y% = 2%, X«,= 500V 


Suy ra: A2f„, = y%.X m 


1 

100% 


2%. 5 00- 

100 % 


10V 


Khi do dicn ap 200V en gidi ban sai so la: 

e, = —100% = 5% 

' 200 

§1.4- CAC HE DCfN VI DO LlfCfNG 

Trifdc nam 1960, cd nhieu he dai lifting la: 

1) He khoi lifting cac dai lifting EMT (L: length - chieu dai, 
M: mass - khoi lifting va T: time - thdi gian) 

Trong he LMT, cd hai he do lifting: 

- He ddn vi CGS dt/a tren cac ddn vj: centimet, gram va giay 

- He ddn vi MKS dtfti tren cac ddn vi: met, kilogram va giay. 
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ChUdng 1 


Khai nicm cd ban vc do ludng dien 


2) He ky thuat cac dai lifting LFT (L: length - chieu dai, F: 
force - life va T: time - theti gian) 

Trong he LFT cd he do lifting MKGS difa Iren cac ddn vj: 
met, kilogram, life va giay. 

Trong qua trinh phat trien ciia khoa hoc va ky thuat, mol so 
dtin vi khac da dlfdc bo sung vao. Trong lTnh vifc nhiet hoc co them 
ddn vj nhiet dp Celcius nen cho them he dtin vi nidi la: CGSC, 
MKSC va MKGSC. Trong lTnh vifc dien va tif hoc co them ddn vi 
dong dien (ampere) va tif trifting (magnetism) nen cho them he ddn 
vi nidi la: MKSA va CGSM. 

3) He Ddn vj Do lifting Qutic t$ SI: 

Nam 1960, He Ddn vj Do li/dng Quite te viet tat la SI (System 
International d'Unites) ra ddi de thong nhat cac he ddn vj cu. 

Theo he nay cd hay ddn vi do cd ban la: met, kilogram, giay, 
ampere, Kelvin, mol va candela ting vdi bay dai lifdng vat ly cd ban 
la: chieu dai, khoi luting, thdi giaji, dong dien, nhiet dp nhiet dong 
hoc, lifdng chat va cifdng do sang. 

Ngoai ra, he con them hai difn vj do bd sung la radian va 
steradian de do gdc phang va gdc khoi (gdc dac). 

Ngoai cac ddn vi do cd ban tren, mdi lTnh vifc khoa hoc, ky 
thuat deu co mot so ddn vj bd sung gpi la ddn vj dan xuat. 


Bang sau gidi thieu cac ddn vi cd ban va cac ddn vi din xuat 
trong he SI. 


Cac dai lifdng 

Ddn vj do 

Ky hicu 

I- Cac dai luf^ng cd ban 



Dp dai (1) 

met 

m 

Khoi lifdng (m) 

kilogram 

kg 

Thdi gian (t) 

giay 

s 
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Do lifting dicn va dicn lir 


Nguyen Tan Rhode 


Dong dicn (I) 

ampere 

aO 

Nhict do It") 

Kelvin 

K ' 

So lifting vat chat (n) 

mol 

Mol 

Citing do anh sang (I) 

ca ndela 

Cd 

2- Cac dai lift/ng cci hoc 



Toe do (v hay n) 

met/giay 

m/s 

Gia toe (a) 

mel/giay binh phifdng 

m/s’ 

Nang Ufcfng va Cong (W) 

Joule 

j 

Life (F) 

Newton 

N 

Cong suai (P) 

Watt 

W 

Nang lifting (A) 

Watt-giay 

Ws 

3- Cac dai hftfng dien hoc 



Dicn ludng (Q) 

Coulomb 

c 

Dien dp. Sure dicn dong (U) 

Volt 

V 

Cirdng do dien (rifting (E) 

Volt/met 

V/m 

Dien dung (C) 

Farad 

F 

Dien mi (R) 

Ohm 

n 

Dicn trd sual (p) 

Ohm-met 

Q.m 

Hang so dien mdi tuyet doi (c) 

Farad/met 

F/m 

4- Cac dai li/tfng tif hoc 



Tit thong (<j>) 

Weber 

Wh 

Cam ifng (if (B) 

Tesla hay Weber/m 2 

T 

Cifting do tif tufting (II) 

Ampere/met 

A/m 

Dien cam (k) 

Henri 

H 

He so tu 1 lham (p) 

Henri/met 

H/m 

5- Cac dai lifting quang hoc 



Fuong anh sang-quang thong F 

Lumen 

1m 

Do trail g - Do chdi (R) 

Can del a/met vuong 

Cd/nr 

Do mi (E) 

lux 

Lx _.J 





Chifting 1 


Khiii nicin cO him ^c do lifCin le dicn 


Can l\oi chifting 1 

I - Phan hict do chinh xac va cap chinh xacV 

2- Phan hict xai so lifting doi va do chinh \:ic lifting doi? 

2- Mol \ oil ke co cap chinh xac + 1% . 0 thang do 100V % tinh 
gidi han sai so khi do dien ap 20V va khi do dien ap 5V. 

4- Cho nhan xet vc gidi han sat so khi do dc cd each chon 
lhang do thich hop nhai khi do. 

5- Phan hict ddn \i do lifting can han \a ddn vi dan xiial? 
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CHLfdNG 2 


CAC LOAI DIEN KE CHI THI KIM 

§2.1- DAI CLfdNG 

Dien ke (galvanometer) la dung cu do cffdng do dong dien 
va la bo phan quail trong nhat trong cac thiet bi do dien. 

Dien ke chi thi kim, con dffdc gqi la cif cau do chi thi kim. 
dffdc chia ra nhieu loai theo cau tao nhif sau: 

Dien ke lif dien 
Dien ke dien tijf 
Dien ke dien dong 

Ca ba loai dien ke nay hien nay deu con difOc suf dung lam 
cd cau chi thj trong cac loai thiet hi do dien, nhifng dien ke tif dien 
la loai thong dung nhat. 


§2.2-DIEN KETir DIEN 

Dien ke td dien co ky hieu ghi tren mat thiet bi do la: 



1- CSu tao: gom cac chi tiet 

- Nam cham vlnh cffu: co dang hinh mong ngtfa de tao ra tu 1 
trifdng deu giffa khe hd, tu 1 trddng di theo chieu vao cifc Nam va 
ra d cifc Bac. Giffa khe hd cd dat mot khung quay. 

- Khung quay: khung b5ng nhdm hinh chff nhat, tren khung 
cd quan day dien tff (loai day dong cd trang )dp sdn each dien) 
tiet dien rat nho. Khung quay cd khdi lffdng cang nhe cang tot de 
tranh gay ra sai so do quan tinh ldn. Khung quay dffctc dai tren 
true quay hay dffdc treo bdi day treo. Giffa khung quay cd loi sat 
non hinh tru. 
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Chtfcfng 2 


Cac loai dicn kc chi’ thi kim 


- Kim chi thi: bang nhom truing, nhd va nhe. Kim dddc gan 
co dinh tren true quay hoac day treo, phia sau kim co gSn doi 
trong de trong tarn cua kim nam tren true quay, tranh kim hi lcch 
theo phdtlng ngang, khi quay se co vao cae chi tiet khac. 

- Lo xo can (can bang): con goi la 16 xo kiem scat, co nhiem 
vu gid cho kim thang bang khi co ldc dien td lam quay kim va 
keo kim trd vc vi tri ban dau khi mat ldc dien td. 


Kim chi so 



Hinh 2.1 : Cau tao cua dien ke td dien 


2- Nguyen ly: 

Binh thifdng, cuon day nam trong khe hd cua nam cham nen 
nhan ddOc td trddng deu. 

Khi cho dong dicn vao cuon day, dong dien qua cuon day se 
sinh ra td trddng tac dung len td trddng cua nam cham tao thanh 
ldc dien td lam cuon day (va khung quay) quay trong khe hd cua 
nam cham se lam kim chi thj quay theo. Chieu cua ldc dien td 
dddc xac dinh theo qui tac ban tay trai. 

Nhd co 16 xo can nen kim se dddc giff d m§t vi tri thang bang 
dng vdi ldc dien td do dong dien cho vao cuon day tao nen, Khi 
mat dong dien vao cuon day thi 16 xo se keo kim ve vi tri ban dau. 
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Do luVinu dien va (hen U'f 


N l: uvcn Tan Phifdc 


Life dicn ill’ do dong dien sinh ra difdc linh theo edng ihtfc: 

F = N.B.LI (N) 

trong do: N- so \ hng day quail iron cuon day 

B- eifdng do tif cam ciia nain cham qua cuon day, 
tilling lif 0.1 den 0,3 Tesla 
1- eifdng do dong dien cho vao cuon day 
1- ehieu dai cua cuon day 

Life dien tif lam killing quay vdi mnmen quay la: 

T q = F.W - N.B.ITW (N.m) (T: torque) 

T l( = k q .I (v<tik t| =N.B.LW) 

Dong ihdi khi khung day quay se lam Id xo can hi xoan nen 
Id xo sinh ra mnmen can: 

T, = k c .0 

trong do: W- be can ciia khung quay. 

k c : hang so xofin cua Id xo 
0 : gdc quay ciia khung hay kim eh? thi 

Kim chi chi se can bang (difng yen) d gdc quay 0 sao cho: 

T (| = T C =* k q< l = k t .0 
k 

Suy ra: 0 - — 1 = kl 
7 k 

L 

Nhif vay: gdc quay 0 cua kim ti le tuyen tfnh vdi dong dien I. 
Nhan xet: 

khi doi ehieu dong dien cho vao cuon day se lam kim chi 
thj doi ehieu quay (theo qui tac ban tay trai) 

dien ke lit dien chi dung de do cifclng do dong dien DC 

do gdc quay ti Ic tuyen tfnh vdi dong dien can do nen mat 
chi thi ket qua do se dufdc chia cac vach deu nhau. 
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ChiTOng 2 


Cac loai dien ke chi thi kim 


3- Dac tmh ky thuat cua di^n ke tuf di£n: 

Cac thong so ky thuat tieu bieu cua dien ke tirdien la: 

a) Dong dien quay he1 khung: Irs (Full Scale) 

Day la tri so dong dien khi cho vao cuon day sc lam khung 
day va kim quay den vi tri toi da tren mat hien thi. Gbc quay tdi 
da cua dien ke tif dien thifdng iff 90° den 100° . 

Hien cd cac tri so dong l FS theo lieu chuan la: 50qA Y lOOqA, 
5()()qA, 1mA. 

h) Dien trd mot chieu cua cuon day. Ro 

Cuon day quan tren khung quay cd tiet dien nhd non cd dien 
trd mot chieu kha Idn. Dien ke cd l F scang nhd thl khung quay cd 
dien trd mot chieu cang ldn. 

Tri so dien nr) cua cuon day tfng vdi cac dong dien tieu 
chuan Iks nhif tren la: 2kQ - l,5kQ - 600Q, 300Q. 

c) Dien dp quay het khung: Vfs 

Khi cho dong dien co tri so 1 is vao cuon de cuon day quay 
het khung thi dien ap co tren cuon day gpi la dien ap quay het 
khung va tinh theo cong tht'fc: 

V;-s = Irs • Rg 

Thi du: - dien ke co Iks = 50pA, Rg = 2kQ thi cd: 

Vks = 50.10' fi . 2.1 ()’ = 0,1V 

- dien ke cd Iks = IGOpA, Rg = l,5kQ thi cd: 

V F s= 100.10' 6 . 1500 = 0,15V 

- dien ke cd Ifs = 500pA, Rg = 600ft thi cd: 

Vps — 500.10 6 .600 = 0,3V 
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Do lifting dien va dien tuf 


Nguyen Tan PhLtrtc 


4- Dae diem cua dien kg' tufdien 

a) f/w 

nam cham vTnh ctfu co tiT truftng manh nen it bi anh 
hifdng bdi tcrtrifcfng nhieu ben ngoai 

cong suat tieu thu cua dien ke nho 

do chinh xac cao den cap chinh xac la 0,5 (sai so 5%) 

goc quay tuyen tinh theo dong dien nen thang do co 
khoang chia do deu. 

b) Nhtitfc diem: 

chi do durdc dong dien mot chieu, neu muon do dong dien 
xoay chieu thi phai dung much nan dien 

cuon day co tiet dien nho nen dong Ipscung rat nho, dien 
ke khong the do dtfdc dong dien co tri so ldn, muon do 
dong dien tri so ldn hdn Ifs thi phai co bien phap md rflng 
thang do. 


§2.3- DIEN KE DIEN Tlf 

Dien ke dien tif dude phan thanh 2 loai: cuon day det va 
cuon day iron, eon goi la loai Itfc hut va loai Itfc day. Dien ke dien 
tir co ky hieu ghi tren mat thiet bj do la: £ 

1- Cau tao 

a) Loai cuon day det (loai life hut) gom 2 phan: 

- Phan tinh la cuon day ph&ng 1, hen trong co khe hof khong khl 

Phan dong la ldi thep 2 dUdc gan tren true 5, loi thep co the 
quay tuf do trong khe hd khong khl. Kim chi thi 6 difrtc gan dlnh 
vdi true quay 5 se chi thi ket qua tren thang do 8. 
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ChiTOng 2 


Cac loai dien ke chi thi kim 



Hlnh 2.2 : Cau tao cua dien ke dien tir loai lire hut 
b) Loai cuon day trdn (loai li/c day) gom 2 phan: 

- phan tinh la cuon day cd much tif khep kin 1, ben trong co 
tarn kim loai co djnh 2 

- phan dong la tam kim loai dong 3 gfin vdi true quay 4, gan 
cf mat trong cua cuon day. Tren true quay cd gan kim chi thi de 
cho ket qua do difdc tren thang do. 



Hinh 2.3 : Cau tao cua dien ke dien tir loai lire day 
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Do Itfd ng dicn va dien lir 


Nguyen Tan Plufdc 


2- Nguyen ly 

- Loai cuon day clef: khi cho dong dien can do vao cuon day 
sc tao thanh mot nam chum dien hut !6i 2 vao khe hd khdng khi 
tao ra momen quay T L| . Khi Idi 2 hi hut vao se lam true 5 xoay va 
kim chi thi gdn iron true quay theo. Ld xo can se gift cho kim d vi 
tri can bring ifng vdi tri so dong dien cho vao cuon day. Khi do 
dong dicn, cd life hut Idi thep vao hen trong khc hd cua cuon day 
non loai nay con diftfc goi la loai dien tit cd lute hid. 

- Loai cuon day non: khi cho dong dicn vao cuon day sc tao 
ra ur trtfdng va tif hoa cac (am kim loai tlnh va dong tao thanh 
nam cham. Nam cham cua tarn kim loai (Tnh va dong se day nhau 
lam lam kim loai dong hi xoay, true quay 4 xoay theo lam kim 
chi thi xoay cho ket qua do difdc Iren lhang do. Khi do dong dicn, 
cd life day giifa cac tarn kim loai non non loai nay con diftfc goi 
la loai dicn lit cd lite daw 


- Momen quay dime tinh theo edng thiife: 
d\Y 


t ' - da 


vdi: 


W = 


u- 


(N.m) 

(J) la nang lifting nap vao cuon day 


L: dien cam cua cuon day, !: dong dien cho vao cuon 
day va a la gdc quay ciia kim. 

Thay W vao 1\,la cd: 


d 


v 2 , 




J_ r _cil L 

2 da 


Do cd Id xo can , khi true xoay cung tao ra momen can M c 
Khi kim can bang thi: T q = T L .. 

1 dl 


Q 1 r dI - L 

Suy ra: - / — - k a 

2 da * 


a = 


/- — 

2k da 
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ChtfOng 2 


Cac loai (lien kc chi thi kim 


Nhir vay: gdc quay a ciia kim chi thi khong phu thuoc vao 
chieu dong dien va ti le theo binh phifdng dong dien can do. 

3- Bac diem 

- do khong phu thuoc vao chieu dong dien nen dien ke dien 
tifcd the do difttc dong dien 1 chieu va xoay chieu 

- gdc quay ti le vdi binh phlfdng cua I nen thang do chia 
khong deu 

- do cuqn day nhan dong dien cd dinh nen cd the quart day 
liet dien ldn va dien ke" cd kha nang do dUdc dong dien cd tri so 
ldn hetn dien ke tir dien 

- difdc siif dung lam cd cau chi thi trong cac loai volt ke va 
ampere ke AC cd cap chinh xac la 1 hay 2. 

§2.4- D1KN KE DIEN DONG 

Dien ke dien dong la sh phdi hdp giCfa dien ke tir dien (nam 
chain tao tir trirdng dcu cd dinh sail trong dien ke, dong dien cho 
vao cuqn day quan tren khung lam khung va cuon ilay quay) vdi 
dien ke dien tir (cuqn day co dinh nhan dong dien tao ra tir trirdng 
lam true va kim quay). 

Do cau tao cd khac nhau nen can phan biet dien ke dien 
dong va dien ke sat dien dong. 

-C=3— 

Dien ke dien dong cd ky hieu ghi tren may do la: Le=a " 

Dien ke sat dien dong cd ky hieu ghi tren may do la: 

I- Cau tao: gom 2 phan 

- Phan tlnh: cuqn day phan tTnh dtTdc chia thanh 2 phan ndi 
tiep nhau de tao ra tir trUdng deu khi cd dong dien chay qua 
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Do lifting dien va dien tiir 


Nguyen Tan Phtfdc 


- Phan dong: cuon day di dong quan tren khung quay dat 
irong cuon day tinh va gan tren true quay. Thong thuftng, cuon 
day di dong khong co loi sat non de tranh hien tifetng tii tre va 
dong dien xoay 


- Neu cuon day tinh quan tren loi sat tuf thi dien ke nay dude 
goi la di?n ke sat dien dong 


- Ca phan tinh va dong dUdc hoc kin bang vat lieu khong dan 
tCf de trdnh bi anh hddng bdi t£r trddng ben ngoai khi hoal dong. 



Hinh 2.4 : Cau tao cua dien ke dien dong va sat dien dong 


2- Nguyen ly 

- Khi cho dong dien I| vao cuon day tinh se tao ra tif trddng 
trong cuon day 

- Neu co dong I 2 vao cuon day dong thi tCf trufdng do cuon 
tinh tao ra se tac dong len dong dien chay vao khung quay, tao ra 
momen quay lam khung quay goc a 

dW 

- Momen quay dufdc tinh theo edng thde: T =- 

da 

a) Neu dong dien I| va Ii la dong DC thi: 
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Chuffing 2 


Cac loai dien kc chi thi kim 


a) Neu dong dien I| va I 2 la dong DC thi: 

W = ^ t I, 2 + + 

Trong do: - L|, L 2 la dien cam cua cuon day tinh va dong 
- M 12 la ho cam giffa 2 cuon day 

- Do Li, L 2 khong doi khi khung quay co cuon dong quay 
trong cuon tTnh, ma chi co h6 cam M| 2 thay doi, nen dao ham cua 
no thco gdc a bang 0 va: 

da da 

- Khi kim d vi tri can bang thi: T q = T c = k c a 

o t j dM ^12 . 1 dM p 

-Suyra:/./,- — = ka =3> a = — I,J, -— 

' - da 1 k. ' 2 da 


- Neu cuon day tinh va cuon day dong mac noi tiep nhau thi 
T| = D = 1, nen: 


1 .,dM P 

a = —I — 

k da 


- Gdc quay a se ti le vdi binh phuttng cua dong dien can do 
va hiett thien theo he so ho cam giuTa 2 cuon day. 

b) Neu dong dien I| va 1 2 la dong AC thi momen quay tufc 
thdi va moment trung binh diftic tinh theo cong thufc: 


t, =i d'-. 


dM , 


r «4lv* 


da " T 

- neu ta cd: /, = J [m sin mt va /, = I 2m sin(ry? - cp) thi: 

1 V dM 

T, =“ Uh^^sinm/.sin (an - <p)~^dt 
T i da 
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Do lirffng dicn va dicn tft 


Nguyen Tan Phifdc 


- khi kim can bang c6: = T c = k L a 

, , , dM p I , , dM v 

ka = I y I 2 -—cosip => a - — /,/,-—cos<p 

d ( , k L - d u 

- goc quay a ti le theo tich so dong dicn va sif bien thien ho 
cam giufa 2 cuon day va goc lech pha cua 2 dong dien. 

3- Dac diem 

- do khong phu thuoc vao chieu dong dien nen dien ke tuf 
dien co the do difOc dong dien 1 chieu va xoay chieu 

- goc quay ti le vdi bmh phiAfng cua I nen thang do chia 
khong deu va ti 1C theo sU bien thien ho cam gitfa 2 cuon day nen 
co do chinh xac cao 

- do cuon day nhan dong dien co dinh nen co the quan day 
tiet dien Idn va dien ke co kha nang do di/dc dong dien co tri so 
Idn hdn dicn ke tur dien 

- du\ic su* dung lam cd cau chi thi trong cac loai volt ke va 
ampere kc, watt ke AC cd do chinh xac cao, cap chinh xac la OJ 
den 0,2. 
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ChifOng 2 


Cac loai dien ke chi thi kim 


Call hoi chating 2 

1- Cho biet nguycn ly hoat dong cua dien kc tu' (lien va dien 
ke dien lu* C(^ ban khac nhau nhif the nao? 

2- Dicn ke liT dien cb the che tao dc do dong dien eb tri so 
ldn nhU dien ke dien tif diftfe khong? Giai thich ly do. 

3- Giai thich ly do tai sao ehieu quay kimchi thi cua dien ke 
t i( dien tuy thuoc ehieu dong dien, trong khi dien ke dien ti? lai 
khong hi anh hu’dng bbi ehieu dong dien. 

4- Cho biet nhufng diem khac nhau cua dien ke dien dong va 
sat dien dong? 

5- Cho biet cau tao cua dien ke tif dien? Nhiem vu cua lb xo 


xoan 
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CHLfCfNG 3 

DO DONG DIEN VA DIEN AP DC 


§3.1-DAI ClfCfNG 

Dien ke tif dien chi do difclc dong dien DC va cd thang do 
chia do deu nen thuttng difdc dung lam cd eau chi' (hi cho ampere ke 
va volt ke DC. 

Tuy nhien, do trj so l F .s va V FS cua di$n ke tif dien cd tri so 
nhd nen muon do nhtfng gia tri dong dien va dien ap ldn hdn phai 
dung bien phap md rpng thang do. 

Dien ke tCr dien cd ky hieu tren sd do nhuf hinh 3.1. 


Hinh 3.1 

§3.2- DO DONG DIEN DC 
1- Do dong dien nhd hdn Ifs 

- Cach do: dat dien ke ndi tien vdi dong dien can do theo 
dung chieu diftlng am cua dien ke nhtfhinh 3.2. 




Hinh 3.2 : Do dong dien trufc tiep bSng dien ke 
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Chi/dng 3 


Do dong dien va dien ap DC 


Tri so dong dien idn nhal c6 the do duVfc chinh la tri so Iks 
cua dien ke. 

2- Md rong thang do eho dien ke 

De co the do diftlc nhufng dong dien co tri so ldn hOn Iks ihi 
phai md rong thang do b^ng each ghep them dicn trd song song vdi 
dicn ke (ghep shunt) de re dong dien nhif hmh 3.3, 


__-_ ±f tl \=— 

-r •-« 


Inc 

5 Op A 

m I-1-, 


2 5 Op A 

• 1-1—< 

5mA 

•- 

• 1_ l —' 

50mA 


Ri 

R 2 

R> 


Hinh 3.3 : Md rong thang do bling dien trd shunt 


- Cdch tinh tri so dien trd shunt: 

Gia thiet stir dung dien ke co Iks = 50pA, R c = 2kG, Vfs= 0,1 V. 

0 thang do 50pA, dong dien chi qua dien ke, dien ke co dien trd 
la R g = 2kQ. Kim quay het khung, dien ap tren dien ke la Vfs = 0,1 V. 

O thang do 250pA, dien trd R| la dien trd shunt di/dc tinh sao 
cho khi do dong dien 250pA thi dong qua dien ke" van la 50pA, 
dong dien con lai se qua R| 

Taco: Iri = Iihang- Ifs 

Ttfdng ti i cho cac thang do con lai. Cong thde tinh tri so dien 
trd shunt cho cac thang do la: 
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Do luftng dicn va dicn liV 


Nguyen Tan PhiftV 


n, = 


y,. 


I l)i, mi; 11 S 


Thi dti: ihung 250j.tA cd tri so dien Ird shunt la: 

0.1 


R, = 


250.10 *' -50.10 


- 5000 


Thi dti: thang 5()mA cd tri so dicn ti cV shunt la: 


R, 


0.1 

50.10 ' -50.10"'“ 


= 20 


Sd do hlnh 3.4 la much miliampere ke va ampere ke nhieu 
thang do cd each ghep dien trot shunt kieu khac de md tong (hang 
do. Vdi each ghep nay, dien trd npi cua may do se cd tri so Idn hdn 
so vdi each tren. 


Tht du: d thang do 10mA, dien ke (20000) se ndi tiep vdi 
dien ird 3000Q va ca 2 se song song vdi 4 dien trd con lai. 


20000 



Hinh 3.4 . Milliampere ke va ampere ke" nhieu thang do 
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Chultng 3 


Do dong dien vfi dicn ap DC 


§3.3- DO D1KN AP DC 

1- Do dien ap nho hdn Vks 

- Cach do: dat dicn kc son a song vdi hai diem cd dien ap c an 
do dung chicu diftfng am cua dien ke nhu' hi nil 3.4. 


Hinh 3.5 : Do dicn ap iren R| 
infc ticp b5ng dicn ke 


Tri so dicn ap Idn nhat co the do du’dc chinh la tri so Vis cua 
dicn kc, 

2- Md rong thang do cho dien ke lam volt ke 

Dc co the do du’dc nhifng dien ap cd tri so Idn ht^n V rs till 
phai nid rong lhang do bing each ghep them dien trd ndi tiep vdi 
dien kc dc phun ap nhtf hinh 3.6. 

- Cdt'h twh tri so dien trdphu tfhep not tiep: 

Gia thict siVdung dicn kc cd Ij S - 50pA, Rc- 2kO, Vj- S = 0,1V. 

O thang do 04 V, dicn ap chi dat tren dicn kc, dicn kc cd 
dicn trd la Re = 2kQ. Khi kim quay hot khung thl dicn ap Iren dicn 
kc la V F s = 0,1 V va dong qua dicn kc la Irs = 50pA. 

O thang do 2,5V. dicn trd R] la dien trd phu duVfc tinh sao 
cho khi do dicn ap 2,5V (hi dien ap tren dien ke van la Vps= 0,1 V, 
dien ap con lai sc giam qua R| 

Ta cd: V kl = V± Ang - V F : S . 
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Do lirclng dien va dicn tu* 


Nguyen Tan Phlfdc 



Hinh 3.6 : Md 
rpng thang do 
bang dicn trd 
ghep noi tiep 


TifOng tif cho cac thang do con lai. Cong thde ti'nh tri so dicn 
tret phu cho cac thang do la; 




V — V V V 

ihnilg I S lilting ► / 


/-* 




hay 


R,,= 


V, 


thang 

77 


K 


Thi du: thang 2,5V co tri so dien trd phu la: 

R. = ——- 2.10' -48AQ 

1 50.10 6 

Thi du: thang 50V cd tri so dien trd phu la: 


/?, - 50 - - 2.10" -998 kO 

50.10 


Hinh 3.6 cd dien tret phu rieng cho tifng thang do. Mot each 
md rpng thang do khac nhu" hinh 3.7, trong do cac dien trd phu cua 
cac thang do dude ghep noi tiep nhau. 
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Chi/dng 3 


Do dong dicn va dicn ap DC 



Hlnh 3.7 : Cac dien trd phu ghep tioi tiep nhau 


Truttng hcfp nay, dien trd phu lan lifdt tinh theo cong thufc: 
v 

^> _ 'W _ g 

' l,s 

R 2 = V -j^~(R t ,+R,) 

_ (Ri +R ^ Ri) 

* I. k. 


20000 
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Do lifting dien va dien tijr 


Nguyen Tan Phtftfc 


SO do hinh 3.8 la much mot volt ke DC dung dien ke cd l F s = 
5()(.tA, R<~, = 2k£2. Vps - 0, IV vtfi cac dien trtf phu cd trj so cu the. 

Doc gia cd the ttf tinh cac dien trtf phu tren vdi volt ke dung 
dien kc cd I F s - lOOpA, Rc= l,5kQ, V FS = 0,15V theo hai each tren. 


§3.4- NOI trcJ cua ampere ke va volt ke 

Dien trtf (rung may do dude goi la noi trtf cua may do. 

1- Noi trtf ciia ampere ke" DC 

O (hang do nhd nhal cua may do dong dien thi noi trtf chinh 
la dien trtf R<; ciia dien ke. O cac thang do khac, noi trtf chinh la 
dien trtf Ro song song vtfi dien trtf shunt cua thang do do. 

Thi du: hinh 3.3, thang 250|.iA cd dien trtf shunt la 500Q non 
noi trtf ciia thang nay la: 

R, ,2sn,.Ai = 500Q // 2k£2 - 400Q 

2- Noi trtf cua volt ke DC 

V- , 

O thang do nhd nhat ciia may do dien ap thi noi trtf cung 
chinh la dien trtf Rc;cua dien ke". O cac thang do khac, noi trtf chinh 
la dien trtf Rc noi liep vtfi dien trtf phu ciia thang do do. 

Thf du: hinh 3.5. thang 2,5V cd dien trtf phu la 48kQ nen noi 
trtf ciia thang nay la: 


Ri (2 sv> = 2k£2 + 48kQ - 50kQ 

Mdi thang do se cd gia tii noi trtf rieng. Be co khai niem chung 
ve noi trtf cua volt ke DC, ngdtfi la dinh nghTa: do nhay cua volt ke" DC 
chinh la noi trtf tf thang do IV va diftfc linh theo cong thud: 


,S’ = R 


tin J 



(S: sensitivity - do nhay) 


Do nhay cang idn th) ket qua do dUVtc cang it sai so. 
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Chifdng 3 


Do dong dien v2i dien ip DC 


Thi du 1: volt ke dung dien ke co Ifs = 50fiA thi d6 nhay cua 

volt ke la: 5 =-!— = 20 kQ 

50.10 

Tren may do ghi: 20kfi/VDC (d goc difdi ben trai mat kinh) 

Thi du 2: Volt ke dung di?n ke co Ips = 100|xA thi do nhay cua 

volt ke la: S =-?—- = 1 OkQ 

100 . 10' 6 

Tren may do ghi: lOkfl/VDC (d goc difdi ben trai mat kinh) 
3- Anh hifdng cua noi trd khi do 

a) Noi trd cua may do ddng dien: (m A ke hay A ke) 

SOOQ 



Dong 1 trong hinh 3.9a co tri so theo tinh toan la: 

, </„■ 0,2 f\ a 

/ = —— = — = 0,4 mA 
R 500 


N6u diing may do ddng dien thang 250jtA thi mach co them 
noi trd cua may do la R; ( 25 o m ai = 4000 va thanh hinh 3.9b. 

Ri = 4000 
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Do lufang dicn va dien tuT 


Nguyen Tan Phude 


Dong I bay gieJ khi do dtfcfc se co tri so: 


U,x- = 0.2 

+ R, 500 + 400 


0,22 mA 


Nhu - vay ket qua do dtfdc se bj sai so so vdi tinh toan. 
b) Noi trd cua Volt ke : 

Trong mach dien hinh 3.10a, dien ap tren dien trd R ( difdc 
tfnh theo cong thtfc: 


^ K\ ~ UIX' 


*. _ 1Q 200.10' 
R t +R 2 200.10' + 200.10' 


= 5V 
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Chining 3 


Do dong dien va dien ap DC 


Neu clung volt ke thang 10V de do thi se c6 noi tret la R, nov* = 
200k£2 ghep song song vc'ti R, = 200kQ. Dien trot tilling dicing cua R, 
va R| chi con lOOkfi. Dien ap do di/Oc tren mach nhtfhinh 3.8b se la: 


= U lk 


R, // R 


= 10 


100 . 10 ' 


(RJ/R,) + R 2 100.10' +200.10 


r = 3 ’ 3{/ 


c) Nhgn xef. 

- khi dung ampere ke hay volt ke de do dong va dp deu bj 
sai so do noi trd cua may do. 

- ampere ke co noi trd cang nho se it bi sai so 

- Volt ke co noi trd cang ldn se it bi sai so 

- dien ke co Ifs cang nho. Re cang ldn thi khi difdc dung lam cd 
cau chi thi cho ampere ke va volt ke se it gay ra sai so. 

4- Thang do chung cua volt Ice va milliampere ke 

Khi dung trUc tiep dien ke de do dong dien thi tri so cua 
thang do la 4s , nhuPg neu de do dien dp thi tri so” cua thang do la 
Vfs • Tren may do da nang co mot vj tri thang do ghi 2 tri so, do 
chinh la 4s va V K s . 

Tir 2 tri so nay ta cd the tinh ra gid tri dien trd mot chitiu cua 
dien ke theocong thuTc: 

1 / 

R c =-^- 

/ 

, ' FS 

Thi du: cac may do Trung quoc cd thang do chung ghi 

- 50pA_0,1V => Irs = 50pA, V FS = 0,1V => R G =2kQ 

hay - 100pA_ 0,15V I FS = lOOpA, V FS = 0,15V => Rc= l,5kO 
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Do lifting dien v& dien til 


Nguyen Tan Phirflc 



Hlnh 3.11 : Mat ngoai may do VOM 


(volt ke, ohm ke va miliampere ke) 


Cau hoi 

1 - Phan biet cdch do cua ampere ke va voh ke? Neu do sai 
theo each ngifdc lai se xay ra hien ttfdng gl? Gidi thlch. 

2- Md rong thang do cho mA ke b&ng nhffng dien trd shunt 
doc lap nhau (hlnh 3.3) va b&ng nhffng dien tret shunt noi tiep nhau 
(nhff hlnh 3.4) c6 ffu diem va nhffdc diem nhif the nao? 

3- Md rong thang do cho volt ke bang nhffng dien trd phu 
doc lSp nhau (hlnh 3.6) va blng nhffng dien trd phu noi tiep nhau 
(nhff hlnh 3.7) cd ffu diem va nhffdc diem nhff the nao? 









Chining 3 


Do dong dicn va dicn ap DC 


Bai tap 

1- Tfnh dien trd shunt cho milliampere ke c6 4 (hang do: 
lOOpA, 5O0pA, 5mA va 25mA. Cho biet dien ke tif dien eo Ifs = 
lOOpA, R g = l,5kQ. 

2- Tfnh dien tret phu Rp cho volt ke” co 4 thang do: 0,3V - 
10V - 50V - 250V. Cho biet dien ke (if dien co Ifs = 5(X)pA, Rg = 
6(K)Q. 

3- Cho biet d6 nhay cua volt ke neu dung cac loai dien ke tit 
dien co tri so Ipsuhi/sau: 50pA, lOOpA, 500pA va 1mA. 

4- Tinh tri so cac dien tri’f shunt trong mach dien sau de md 
rpng cac thang do dong dien theo hinh ve. 
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CHtfOfNG 4 

DO DIEN AP VA D6NG DIEN AC 


§4.1- DAI CLfONG 

Be do dien ap va dong dien AC, c6 the dung dien ke td dien, 
dien tir hay dien dong dc lam cd cau chi thj. Trong cac may do 
chuycn dung de do dien ap AC hay do dong dien AC va chi’ co mot 
thang do duy nhat thi thurdng dien ke dien tif, luc do, vice tinh toan 
dien trd phu hay dien trd shunt se ddn gian. 

Doi vdi cac loai may do da nang, thi/dng chon dien ke tir dien 
vi loai nay cd thang chia do deu. Tuy nhien, dien ke tir dien chi do 
dude dong dien DC, de do du“c5c dien ap va dong dien AC, trong may 
do phai cd mach nan dien de doi ttf dong dien AC ra DC. 

Trong chuYlng nay chi phan tich mach do dien ap va dong 
dien AC trong may do dung dien ke tif dien. 


§4.2- DO DIEN AP AC 
1- Mach dien 


Di 



39 



Do lifting dien va dien tuf 


Nguyen Tan Phifdc 


2- Nguyen ly 

Trong sd do hinh 4.1, diod Dj la mach nan dien ban ky, lay 
ban ky diTdng cho dong dien qua cung chieu am dddng cua di&n ke, 
diod D 2 dSn dien cf ban ky am, co tac dung no"i tat dong dien qua 
dien ke. 


Mach nin dien ban ky cho dien ap ra trung binh dude tinh 
theo cong thi?c: 


U r 


u, x . = —— = 0,31 8(7,, 

n 


(Up: dien ap dinh) 


hay U IK . = 


Jiu Al . 


- 0,45 U A( . (U A c: dien ap hieu dung) 


Thi du: khi do dien ap AC co tri so" 10V thi dien ap DC trung 
binh dat vao may do chi la: 


II.... = 0,45.10 = 4,5F 


Dien trd phu cho timg thang do cua volt ke AC dude tinh 
theo cong thufc: 

U -V 

R r =0,45—-— - R (j (V D : dien ap tren diod) 

I is 

Diod nan dien dung trong volt ke AC thifefng la diod mui 
nhon nen co V D = 0,2V. 

Thi du: gia thiet dung dien ke co Ips = 50|jiA, Rq = 2kQ, V FS = 
0,1V, thang 10V co dien trd phu la 

R = 0,45 10 ~°f -2.10 3 =86,2 kCi 
50.10 

Thang 250V cd dien trd phu la: 

- 0 2 

R = o,45 ; - 2.1 O' = 2246.2 til 

3 50.10"* 

Lull v : khi do AC khong can phan biet 2 dau do during va am. 
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Chtfdng 4 


Do dien dp va ddng dien AC 


3- Mach n4n di£n toan ky 

Voll ke AC co the dung mach nan dien toan ky co sd d6 mach 
nhtf hinh 4.2a (2 diod va 2 R P ) hay htnh 4.2b (cau diod va 1 Rp). 

a) Dung 2 diod va 2 Rp cho moi thang do: 


Hlnh 4.2a 



D 2 


Rp 


Khi co ban ky dUWng, diod D) dan, dong dien qua dien ke 
theo chieu mui ten lien net, qua dien trd phu R P ben phai. Khi cb 
ban ky am, diod D 2 dan, dong dien qua dien ke theo chieu mui ten 
rdi net, qua dien trdf phu R P ben trai. 


Mach nan dien toan ky cho dien ap ra trung binh dude tinh 
theo cong thtfc: 

2 Ur 


= 


71 


0,636L' y . (Up : dien ap dinh) 


hay 


- 2-J2U „■ 

U IX - = -— - o,9f7 l( (U A c: dien ap hieu dung) 

n 


Thl du: khi do dien ap AC co tri so 10V thi dien ap DC trung 
binh dat vao may do chi la: 


= 0,9.10 = 9*' 


Bien trd phu cho ttfng thang do cua volt ke" AC dude tinh 
theo edng thuTc: 
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Do luflng dicn va dien cuf 


Nguyen Tan Phude 


U - V 

R r - 0.9—^-— - R (i (Vo: dien ap tren died) 

I IS 

Thi du: gia thiet dung dien ke c6 Irs = 50pA, R G = 2kQ, V FS = 
0,1 V, ihang 10V co dien trd phu la: 

R = 0,9 1Q ~°~ -2.10' - 1 14Aka 
50.1 O'" 


b) Dung 4 cliod va J Rp eho moi thong rfo\ 


* r p 



Khi co ban ky difdng d ngo +, dong dien then chieu mui ten 
lien net qua R|>, D|, dien ke, qua Di roi trd ve nguon ft ngo - . 

Khi cb ban ky am d ngo + (hay co ban ky difOng ft ngo -), 
dong dicn theo chieu mui ten rtfi net qua D 2 , dien ke, D_i, qua Rp roi 
trd ve nguon d ngo +. 

Trirdng hdp nay, dong dien qua 2 diod nen cong thtfc tinh 
dien trd phu co thay doi (giam 2V D ) : 

i] _ 2V 

R r ~ 0,9——£- -~R tl 

I rs 
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Chirdng 4 


Do dien ap va dong dien AC 


4- Noi tret cua volt k£" AC (dp nhay) 

Tifdng tU volt ke DC, cong thufc tinh noi trd cua volt ke AC 
theo tCfng thang do la: 

V 

a) Mach n&n dien ban ky: R , = 0,45 ,htm - 

f,s 

y 

b) Mach nan dien toan ky: R ) = 0,9 ,htl — 

I h'S 


Tren may do cung co ghi do nhay cua volt ke AC la: 



$ - Ri.h \ =0,45-^ 

* hS 

(nan dien ban ky) 

hay: 

~ l ^ 

O' 

o' 

II 

II 

Co 

(nan dien loan ky) 


Thi du: volt ke AC dung dien ke cd Irs = 50fiA, nan dien ban 
ky, cd do nhay la: 

.S’ = 0.45 — l —— = 9 kn/VAC 
' 50.10 

Muon volt ke AC cd noi trd Idn (hay cd do nhay cao) thi phai 
dung mach nan dien loan ky. 

§4.3- DO DONG DIEN AC 
1- Mach dien 

Tifrtng ti/ volt ke AC, may do dong dien (mA ke AC hay 
Ampere ke AC) phai cd mach nQn dien. 

Mach dien hinh 4.3a la milliampere ke AC dung mach n£tn 
dien ban ky. Dong dien trung binh qua dien ke van tinh theo cong 
thufc: 

/ - 1 = o 45 ] 

1 nr 

n 
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Do li/cing dien va dien iti 


Nguyen Tan Phtfdc 



Mach dien hinh 4.3b la milliampere ke AC dung mach nan 
dien toan ky. Dong dien trung binh qua dien ke van ti'nh theo cong 
thtfc: 



-► 


2- Do dong dien AC trj so Idn 

a) t)o trUc tiep: 

Trong cong nghiep, dong dien tai cua thiet hi dien thifcfng cd 
trj so ldn (lif vai ampere den vai chuc hay vai tram ampere). Viec 
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Chirring 4 


Do dien ap va dong dien AC 


do dong dien tai AC se khong the thiTc hien bang phtfdng phap do 
trite tier) nhif do dong dien DC hay AC co tri so nho nhif da trinh bay 
vi rat nguy hiem va rat kho che tao may do co kha nang thich hop. 

Do b^ng phi/ting phap trdc tiep la gd rdi mach dien can do 
dong, dat may do noi tiep vdi mach dien nhif hinh 4.4. 



Be do dong AC co tri so ldn, ngdcti ta do gian tiep qua bo 
bien dong. 

b) Bo bii'n ddng: CT (do chi? Current Transformer) 


n t 



Hinh 4.5 : Cau tao cua bQ bien dong, loi thep 

Ve cau tao, bo bien dong gom 3 phan chinh la: 

- Mach tCf la mot loi thep hinh vanh xuyen (hai chff C ghep 

ngddc) 

- Cu6n day sd cap ni la cuon day nhan dong dien tai Ii co tri 
so IOn, day quan co tiet dien lOn, quan it vong 
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Do luting dicn va dicn itf 


Nguyen Tan Phitdc 


- Cuon day thtf cap n 2 la cuon day cam tfng dong dien tai qua 
mach ttf cho ra dong I 2 , day quan co tiet dien nho, quan nhieu vong. 

Nguyen ly: bo bien dong hoat dong nhif nguyen ly cua bo 
bien ap, dong dien cf sd va thtf cap ti le n gutfc vdi so vong day. Do 
cuon sd cap co ii vong, cuon thtf cap co nhieu vong day nen dong 
dicn thtf cap I 2 sc co tri so nho hdn dong Ii nhieu lan theo cong thtfc: 

J±-Hl 

I, n , 

Suy ra: /,=/,— 

n i 

Ti so —con goi la ti so cua bien dong va la thong so ky 
n, 

thuat dac trimg cua bien dong. 

Thi du: bien dong co ti le 100/1 thi dong thtf cap se nho hdn 
sd cap 100 lan. Dong dien dinh mtfc vao sd cap la 100A, dong ra of 
thtf cap la 1 A. 

Cac ti so" bien dong theo tieu chuan la: 50/1, 100/1, 250/1, 
500/1 va 1000/1. 

c) Do gian tiep bang bien dong: 

Trong thtfc te, bo bien dong khong quan cuon day sd cap ma 
lay day dSn dien cap cho tai can do dong dien de Dm sd cap. Dong 
dien ra 0 thtf cap co tri so nho hdn se dude dda vao may do dong 
dien (ampere ke hay milliampere ke) nhtf hinh 4.6. 
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Chtfdng 4 


Do dion ap va dong dicn AC 



Hinh 4.6: Do gian liep bang bien dong 


May do dong dicn AC cd bo bien dong di/dc gpi 
ke kep hay ampere ke kem nhir hinh 4.7. 


Hinh 4.7: 
Ampere ke kep 



a ampere 
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Bo luflng dien va dien tiir 


Nguyen Tan Phudc 


Cau hoi 

1- Cho biet nhifem vu cua diod D 2 trong set do hinh 4.1. Neu 
khong co diod nay thi may cd bi anh hifdng gi khong? Giai thich. 

2- Neu khong co sd do mach dien, difa vao yeu to nao de co 
the biet volt ke AC diing mach n^n dien ban ky hay toan ky? 
Giai thfeh. 

3- Phan biet cau tao va nguyen ly cua bien ap va bo bien 
dong? 

4- Cho biet y nghla cua ti so ghi tren bien dong. 


Bai tap 

1- Tfnh tri so cac dien trd phu cua volt ke AC co cac thang 
do: 10V, 50V, 250V va 1000V. Cho bifet difen ke tit dien co I FS = 
lOOpA, R g = 1500Q va dung mach n3n difen loan ky. 

2- Tinh trj so cac difen tret phu cua volt kfe" AC cd efee thang 
do: 30V, 150V, 300V va 1000V. Cho biet difen ke tfir difen cd Ir = 
50pA, Rg = 2000ft va dung mach nan difen ban ky. 
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CHLfCfNG 5 


DO CONG SUAT VA DI$N NANG 

§5.1- DO CONG SUAT DONG DIEN DC 

De do cong suat cua dong dien mot chieu, co the dung 
phtfdng phap do gian tiep hay do trut tiep. 

1- Do gian ti€p 

Do gian tiep la dung volt ke de do di$n dp va ampere kS" de 
do dong dien, sau do lay tkh so" cua U va I de co cong suat P. 



Vdi each do cua hinh 5.1, dien ap tren volt ke co ca dien ap 
tren ampere ke nen cong suat dddc tinh theo cong thii’c: 

u L =u-u A 

P = Ul.Il = (U - Ua).1l= U.Il- UaJl 2 


Vdi each do nay se gay ra sai so do noi trd cua ampere ke. 
Phan sai so la Ua.Ii 2 . 
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Do lifclng dicn va dien tiir 


Nguyen Tan Phtfdc 


Vdi each do cua hinh 5.2, dong dien (ten ampere ke eo ca 
dong dien qua volt ke nen edng suat dufdc tinh theo edng thu’c: 

li.= I-Iv 

P = I L -U, = (I - Iy).U L = I.U l - Iv.U,. 

Vdi each do nay se gay ra sai so do ndi trd cua volt ke. Phan 
sai so la Iy .Ui_ 

2- Do trifc ti£p b3ng watt ke 

a) Watt ke: 

Watt ke la loai cd eau chi thi dien dong gom 2 cuon day: 
cuon day dong dien (1-2) la cuon cd" dinh qua’n it vdng day, day eo 
tiet dien ldn; cuon day dien ap (3-4) la cuon day di dong quail nhieu 
vdng day, day cd tiet dien nhd. Ky hieu cua watt ke nhuhinh 5.3. 

Hinh 5.3 : Ky hieu 

cua watt ke 

Khi do edng suat, dong dien tai qua cuon day 1-2. dien ap 
tren tai tl le vdi dtdng dien qua cuon day dien ap 3-4. 



Hinh 5.4 : Watt ke co cuon 
dong dien m5c trtfdc, 
cuon dien ap m2c sau 
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Chultrig 5 


Do cong suat va then nang 


Gdc quay ciia kim chi’ thi tren wait ke dt/tlc tinh then cong 
thut: a = k.I(.I.s 

ironi» do: /. = - (R-> la dicn trtl cua cuon dien an) 

R,+R, " ' 

Suy ra: a - kf, ——- (U s Ul) 

R, + R> 

Nlur vay gdc quay a sc tuy thupc cong suat lieu thu tren tai 
la P = Il Ul • Dicn trc’f Rs dung de gidfi han dong dien qua cuon day 
dicn ap la cuon day di dong. Khi dien ap U cang I tin thi dicn lrd R s 
cang Idii de cd Is gan nhir hang so. 

Hinh 5.5 : Watt ke cd cuon 
dien ap mac trtfdc, * 

cuon dong dicn iliac sau 

Dm 


Vice mac cuon day dicn ap trifdc hay sau cuon day dong 
dien deu cd gay ra sai so nhd giong nhd trong mach do cong suat 
gian tiep biing volt ke va ampere ke. 

§5.2- DO CONG SUAT DONG DIEN AC 

Tilting tif much do cong suat DC, de do cong suat AC cung 
cd the dung phiTdng phap dt> gian tiep. Tuy nhien trong thitc te 
ngiftli ta chi dung each do trtfc tiep bang watt ke . 

Trong mach xoay chicu, dicn ap va dong dien tren t&i la: 

U = U,„ sincot I = l m sin(tot+cp) 
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Do lifong dien va dien (ft 


Nguyen Tan PhuVlc 


Goc quay a se ti le vdi dong dien tai qua cuon day dong dien 
va ti le vdi dien ap dat len cuon day dien ap noi tiep vdi dien trd Rs. 


Hinh 5.6: Watt ke do 


cong suat xoay chieu 



Hinh 5.7 : Watt ke do cong suat xoay chieu 3 pha 


Hinh 5.6 va 5.7 la each mac watt ke de do cong suat xoa> 
chieu 1 pha va 3 pha. 



ChUOng 5 


Do cong suat va dicn ning 


§5.3- DO DI$N NANG 

1- Cfiiu tao cua c6ng tri di^n (dien n5ng ke") 

De do di£n n3ng tieu thu cua tai trong mach dien xoay chieu 
vdi tan so xac dinh, ngifcti ta dung cong to dien hay dien nang ke. Tiiy 
theo tai tieu thu la mot pha hay ba pha ma ngufti ta dung loai cong to 
dien ttfong tfng. Cong to dien co cO cau hoat dong difa tren nguyen tic 
cO ca’u cam ifrig dien tit, va gom cac phan nhif sau (hinh 5.8). 



12 3 4 

Hinh 5.8 : Cau tao cua di$n nang ke mot pha 

Cuon day dong dien (so" vong It, tiet dien day ldn) difdc quan 
tren loi thep A, va mic noi tiep vdi tai. 

- Cuon dien ap (so" vong nhieu, tiet di6n day nho) ditOc quan 
tren ldi thep B, va mac song song vdi tai. 

DIa nhom nam trong khe hd cua match tOf cuon ap va mach tuf 
cuon dong. 

CO cau hien thl so" co banh r2ng 3n khdp vdi true quay cua 
dTa nhom. 
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Do lifting dicn va dicn tif 


Nguyen Tan PhiftTc 


True quay. 

Banh rang khia va banh so. 

Nam cham vinh cufu. 

Ngoai ra de chong lay cap difin nang, ngifdi Ca con bo tri 

them tren true quay cac banh rang va banh so chi quay theo 

m6t chieu, khong quay difdc theo chieu ngvfdc lai. 

2- Nguyen ly lam viee 

Khi co dong dien d'i vao 2 cuon day ap va cuon day dong se 
tao ra tu’ thong (|) tren cac loi thep. Dien ap V cung cap cho tai tao 
nen dong iv trong cuon day dien ap va tit thong <t>v trong loi thep B, 
dong thefi tren cuon day dong dien cung sinh ra tir thong <|)| trong loi 
thep A. 

Hai tit thong <t> v va <|)| lech pha nhau mot goc 90° va moc vong 
qua nhau xuyen qua dTa nhom, tao ra dong dien xoay tren dTa nhom. 
Do co sU tuYfng tac giffa tit thong va dong dicn xoay nen tao ra life 
dien tif lam quay dTa nhom, dong dien va dien ap cang Ida thT tif 
thong cang manh lam cho life dien tif cang manh, dan tefi toe dp quay 
cua dTa nhom cang nhanh, keo theo he thong banh rang chuyen dong 
lam xoay cac chuf so chi lifting dien nang lieu thu cua tai. Do do, dien 
nang tieu thu cua tai phu thuoc vao vong quay cua dTa nhom. 

3- Ky hidu tren edng td dien 

Thifdng tren cong td dien se co nhifng ky hieu sau: 

220V 10(20)A 50Hz 6007kWh K = 0.2 nghTa la: 

Dien ap dinh mute 220V 

Dong dien cho phep qua cong td 10 -r 20A 

Tan so 50Hz 

600 r /kWh khi dTa nhom quay 600 vong, tai tieu thu 1 kW 
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ChUOng 3 


Do cong suai va dien nang 


K = 0.2 dia nhom quay mot vong, tai tieu thu 0.2W 

4- Kiem tra va hi£u chinh cong td dien 

Be kiem tra xem cong td dien chay co chinh xac khong ta co 
the kiem tra va hieu chinh nhd sau: 

Mac cong to vdi phu tai 100W 

Tinh so" vong quay trong 1 phut la: 


N | phut 


600x100 

60x1000 


= 1 vong/phut 


Hieu chinh: Neb dia nhom quay nhanh hOn so vdi ket qua 
kiem tra tren, ta hieu chinh nam cham vlnh cufu ra xa dia 
nhom. Con dia nhom quay cham, ta se hieu chinh nam 
cham gan dia nhom. 

5- Cach mic cong td dien 


L 

U AC 

N 



Hinh 5.9: Sd do mac day cong to dien 

Be mac cong td dien mot each chinh xac, ta phai xem sd do 
cua ttfng loai cong td. Neu ta m^c khong dung day nguon vao va 
day cua phu tai se dan den lam dTa nhom khong quay, hoac quay 
ngddc lam cong td hi hd hong. Thong thddng each mac nhd sau: 
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Do lifting dien va dien tuf 


Nguyen Tan PhiTdc 


Dau so 1 va 3 s6 mdc ra nguon di6n dp vdo. 

Dau so 2 va 4 se mic ra phu tai 

6- Do di$n ndng cua tai ba pha 

De do dien ndng cua tai ba pha, ta c6 cdc cdch do nhir sau: 

a) Cong to dien 3 pha 3 phan tit: 

Cong to di£n 3 pha 3 phan tur dung cho he thong dien 3 pha 4 
day. Cach mdc cong td di^n 3 pha 3 phan tuf dtfdc trinh bay nhtf hinh 
5.10. Ca 3 phan tuf se lam quay 3 dTa nhom co cung true quay, hoac 
1 dTa nhom. True quay nay difdc cdc banh rang truyen dong sang bp 
so de hien thi ket qua do. 



Hinh 5.10: Cong td dien 3 pha 3 phan ti]f 
(1-2-3: cu$n ap; 4-5-6: cuon dong) 


b) Cong terdifn 3 pha 2 phan tit: 

Cong td dien 3 pha 2 phan tuf dtfdc cau tao nhif loai 3 phdn tOf, 
nhtftig cd 2 phan tuf lam quay 2 dTa nhdm. Cdch mac mach nhir hlnh 
5.11. 
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Chtfdng 5 


Do c6ng suat va dien nang 



Hlnh 5.11: Cong td dien 3 pha 2 phan tuT 
(1-2: cuon ap; 3-4: cu$n dong) 


Cau hoi 

1 - Trtfdng hop phu tai co dien ap cao hay co dong dien Idn 
ho3c co ca 2 yeu to tren, mach do dien n^ng tieu thu cua phu tai se 
difdc thiet ke nhif the nao? 

2- Giai thfch y nghTa cua cac thong so ghi tren cong td nhd 
sau: 110V 30A _ 50Hz _ 1200 r /kWh K = 0.1. 
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CHLfdNG 6 


VOLT KE VA AMPERE KE DIEN Tlf 

§6.1- VOLT KE DC DIEN Tlf 

Volt ke DC dung dien ke tif dien co noi frd thay doi tlieo 
thang do. Thang do dien ap cang nhd thi noi trd cling nho, neu noi 
trd cua may do nhd dang ke so vdi dien trd ben ngoai cua mach do 
se gay ra sai so Idn. De tranh sai so do noi trd cua may do, ngufti ta 
dung linh kien dien ttf trong may do va gpi la volt ke dien id. 

1- Volt ke dung transistor lifflng not 

a) Mach dien: 

Trong sd do hinh 6.1, hai transistor T| va Ti, la hai transistor 
cung ten hay la transistor doi de cd thong so ky thuat giong nhau, 
dtfde rap then kieu khuech dai vi sai, tao thanh mach cau do. Dien 
ke tit dien G difdc dat gitfa 2 cut E de nhan dong dien khi cd sif 
chenh lech dien ap gitfa v a Vm- 

Dien ap can do cd the dat vao cut B] (hay cut Bi) so vdi 
mass hoac dat vao giiTa 2 cut B then kieu vi sai. 



Hinh 6.1 : Volt ke dung transistor BJT 
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Chitling 6 


Volt ke va Ampere ke dien 11 / 


b ) Nguyen ly: 

Binh thtfiing, hai transistor ditdc phan cut giong nhau nen 
Vei = Vh: - Luc do khdng cd dong qua dien ke. kim chi mite OV. 

Gia sit diC-n ap can do Vi dat vao cite B|. va neu V| > OV se 
lam T] dan manh h<1n T 2 . Luc do: 

V H | > Vnj I B , > I B2 => Ip 1 > Iq2 => V E | > Vei 

Nhit vay se cd dong qua dien ke tit cite E| sang cufc E 2 , kim 
dien ke quay then chieu thuan chi dien ap duVfng. 

Ngifdc lai, neu Vi < OV se lam T| dan yeu hdn T 2 . Luc do: 

Vbi < V B2 => Ib 1 < 1b2 => Iei < IE2 => Vei < V E2 

Nhif vay se co dong qua dien ke tit cite E 2 sang cite E|, kim 
dien ke quay theo chieu ngude chi dien ap am. 

Mach se dude tinh toan sao cho khi T| dan bao hoa thi mi'fc 
chenh lech dien ap V E! - V = IV. 

Dien tref R$ ditdc tinh sao cho d mite dien ap nay kim dien ke 
quay het khung. 

Thi du: dien ke loai Ifs= 50j.iA, Rq= 2kQ. Tinh tri so Rs- 

R s =--R r -—-- 2 . 10 3 = 18 kQ 

In 50.10 6 

DC co the do nhieu mure dien ap khac nhau, it ngo vao se cd 
cau phan. ap nhif cac set do gidi thieu trong phan sau. 

c) Mach clieu chinh nnh: Old 

Trong thut te, hai transistor va cac dien trd se khdng giong 
nhau mot each ly titling, do do, khi khdng do kim se khdng it vj tri OV. 
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Do ltfiJng di£n dien tuf 


Nguyen Tan Phirdc 


De bil trtf cho dieu kien can bang ly tilting, mach phai co bien 
trd dieu chinh VR nhir hinh 6.2. Trvfdc khi do phai dieu chinh cho kim 
chi OV, dug vdi trang thai V E | = V E2 . 


R, 



VR 





Hinh 6.2 : Volt ke co bien trd dieu chinh OV 
2- Volt kfi' dung transistor JFET 

a) Mach di$n: Hinh 6.3 : Volt ke dung JFET 

*vcc 




Chudng 6 


Volt k<ff vil Ampere kc dien tii 


Trong sd do hinh 6.3, Tj la JFET kenh N rap kieu D chung. 
Viec dung JFET nh&m muc di'ch tang tong trd ngo vao cua may do, 
dieu nay co tac dung lam giam sai so do anh hdring brii noi trri cua 
volt ke nhif da phan tfch trong chitting 3. Trj so" dien trri ngo vao cua 
may do, chinh la mach phan ap, co the chon rat kin va giong nhau 
cho tat ca thang do nhif trong so do (IMQ). 

b) Nguyen ly: 

Dien ap can do dat vao hai dau cua cau phan ap (tit Ri den R 4 ). 
Nhit vay, noi tret cua may do co tri so khong doi cho tat ca thang do. 

Dien ap dat vao cifc G cua FET se ti le theo tri so dien trri cua 
thang do dude chon. Thi du: 

de do dien ap V| = 0,5V phai chon thang do IV de nhan 
dien ap tren toan mach phan ap. Dien ap toi da do dude 
la IV. 

de do dien ap Vi = 2V phai chon thang 5V. Luc do dien ap 
nhan difcic tf cut G la: 

v =v R '- + R > + R * 
f ' ' tf, + tf 2 + tf, + R 4 

V -o (100 + 60 + 40).10 3 _ Q4V 
(800+ 100+ 60+ 40). 10, 

- neu dien ap V| = 5 V thi dien ap nhan ddctc Cl cite G la IV. 

Do FET rap kieu cut D chung, transistor T| rap kieu E chung 
nen do khuech dai dien ap la A v = 1. Dien ap dat vao cite G cua T? 
cung cht'nh la Vei - V . 

Bien trt’t VR cung dung de dieu chinh mtfc OV, bu trif cho 
dieu kien ly Wring cua mach. 

c) Volt ke dung 2 JFET 
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Do liiflng dicn va dicn tu' 


Nguyen Tan PhifcV 


Trong s<1 do ffinh 6.4 dung 2 JFET diAJc dung lam mach vi 
sai. Vdi mach nay, chi can dung nguon +V C cva bien wet dieu chinh 
nuVe OV dat gitfa 2 dicn trd R S - 

Tri so dien trd cua cau phan ap cd the chon rat Idn de lam 
tang noi trd cua may do. Day la hu diem rat ldn cua volt ke dicn tuf. 


+ 

<r- “ 


<- 



o 

,o 



+VDD 

O 



Hlnh 6.4 : Volt ke dung 2 JFET 


§6.2- VOLT KE AC Dl£N Tlf 

1 - f>ai cirong 

Trong cac may do dien tu\ linh kien va dien ke dcu lam viec 
vdi nguon mot chieu. Do do, khi do dien ap xoay chieu phai dung 
mach nan dicn chuyen sang dicn ap mot chieu trude hoac sau mach 
khucch dai dien tuf. 

Trong volt ke AC loai tuf dien, dien ap lay ra sau mach nan 
dien cd gia tri trung binh la: 

mach nan dien ban ky cd: 













Chitting 6 


Volt kc va Ampere kc dien tuf 



Hinh 6.5 : Volt ke AC dung mach nan dien ban ky 



Hinh 6.6 : Volt ke AC n3n dien toan ky dat sau mach khuech dai 
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Do lifting dien va dien tuf 


Nguyen Tan PhiTdc 


Trong mach volt ke AC hinh 6.5, diod D n£n di^n ban ky 
trifdc khi dtfa vao mach khuech dai dung op-amp. Dien trd R 2 difdc 
tinh toan sao cho dong dien qua dien ke G hien thi gia tri dien ap 
AC can do difdc dat 3 ngo vao. 

Trong mach volt ke AC hinh 6.6, cau diod thufc hien mach 
nan dien loan ky difdc dat sau mach khuech dai la mot each thiet ke 
khac cua volt ke dien tuf. 


3- He so" dang song 


Tuy nhien, khi cho ket qua tren cd cau chi thj thi gia tri dien 
ap lai la gia tri hieu dung. Ngtfdi ta difa ra khai niem he so" dang 
song ciia dien ap can do la tt so gitfa dien ap hieu dung va dien ap 


trung binh nhu’ sau: 


it 


_ V 


(F: form - hinh dang) 


Thi du: mach nan dien ban ky dong dien xoay chieu hinh sin 


co he so dang song la: 



= 2,22 

0,45 


- mach n3n dien toan ky dong dien xoay chieu hinh sin co he 
so dang song la: 


V 1 

k r =^ = — = i,ll 

' t r r\ n 


V. 


I)( 


0,9 


Trifdng hop do cac dong dien khong phai hinh sin, phai xac 
dinh he so dang song cua dong dien do, de xac dinh mdc sai so, tif 
do quy doi sang gia tri thut cua dien ap can do. 


Thi du: khi do dien ap cua dong dien hinh vuong thi phai xac 
dinh gia tri hieu dung va gia tri trung binh: 


gia tri hieu dung: V M = 


1 ' 


jVr// 


1 ; 2 


= V, 


(p: dinh) 


64 



C hiding (S 


Volt kc va Ampere kc dien tu* 


f '2 


J ^ f 

- gia tri trung b'mh khi nan toan ky: V IK . = — \u.t = k ; , 

T* J 


Nhtf vay he so dang song cua hinh vuong la: 

'■ 1 / k 

*/x y r 

Khi dung volt ke dien nl do dien ap cua dong dien xoay 
chieu hinh vuong se hi sai so do khac he so dang song. MuTc sai so 

ttfOng doi la: 


e. = 


. 100 % = ! 1 % 


De co gia tri dien ap dung khi do dong dien hinh vuong bang 
volt ke djnh chuan theo hinh sin thi phai theo qui doi cong thufc: 


V (h(it — V do 


(1l/l k, 


100 

TTT 


4- Volt k&' AC dung FET va ndn dien ting doi dif n ap 



Hinh 6.7 : Volt ke AC dung JFET va nan dien tang doi dien ap 
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Do luting dien v& dien tuf 


Nguyen Tan Phifdc 


De co tong trd vao cua volt ke ldn, ngufti ta dung JFET. 
Trifdng hop do dien ap AC co tri so nhd, cd the dung mach nan dien 
tang doi dien ap nhif hinh 6.7. 

§6.3- AMPERE KE DC VA AC DIEN Tlf 

1- Dai ciftfng 

Trong ampere ke tir dien, dong dien can do se true ticp qua 
di£n ke de chi thi ket qua (neu dong dien co tri so lOn thi dung dien 
trcl shunt). 

Doi vdi ampere ke dien tuf, dong dien can do se diTOc doi 
thanh dien ap bang each cho dong dien can do di qua dien trd phu 
Rs . Luc do, mach do se la mach do dien ap (DCV hay ACV) va cac 
linh kien dUOc tinh sao cho tri so" hien thi la gia trj dong dien c3n do. 

2- Do dong dien DC 



Hinh 6.8 : Ampere ke dien tuf 

Ddng Idc can do dtfdc qua di£n trd R| tao thanh dien ap mot 
chieu ddt vao ngo + cua op-amp. Mach khuech dai thuat toan cho 
dien dp ra ti le theo dong dien DC cf ngo vao. 
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Chitting 6 


Voll kc va Ampere ke" dien tuf 


Be md rong thang do cho ampere ke DC, dung clu phan ap 
nhU hinh 6.9. Thang do II la thang co gidi han do nho nhat. Thang 
do cd gia tri Idn thi dien trd cang giam tri so. 

Thi du: Thang II - 10mA, thang 12 - 50mA, thang 13 - 
250mA va thang 14 - 1 A. 



Hinh 6.9 : Ampere ke DC co nhieu thang do 

3- Do dong di£n AC 

Be do dong dien AC, ngifcli ta cho dong dien can do qua dien 
trd phu de doi thanh dien ap AC, sau do dung mach nan di£n ban ky 
hay toan ky de doi thanh dien ap DC va dung mach do dien ap DC 
de do roi nhan vdi he so hinh dang cua dien ap AC. 

Trtfclng hdp do dong AC co tri so" Idn, mach do can dung bo 
bien dong de doi t£f dong dien tai co tri so" Idn d sd cap sang dong 
dien co tri so nho d thi? cap trifdc khi di/a vao mach do dong dien 
AC dien tu\ 
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Do luftng dien vit dicn hlr 


Nguyen Tan Phirdc 


Cau hoi 

1- Cho biet ifu diem cua volt ke dien tut dung FET so vdi 
Volt ke dien tur dung BJT. 

2- Giai thlch nguyen ly mach nan dien tang dbi dien ap trong 
mach dien hinh 6.7? 

3- Cho biet dac diem cua mach vi sai trong cac mach dien 
cua volt ke va ampere ke dien tur? 

Bai tap 

1- Cho mach volt ke AC nhir hinh ve sau. Di^n ke co Ips = 
50pA, R c =2kO, V hS = 0.1V. 

Neu mach thiet ke d thang do IV, hay tinh tri so dien trd Rs 
de kim quay het khung khi do dien ap IV. 



2- Cho mach do nhif hinh ve cau 1 tfng vdi thang do IV. 

Neu muon do nhufng di$n ap Idn hdn IV, cho biet mach co sd 
do nhtf the nao? Tinh ede tri so dien trd trong mach dng vdi cac 
thang do: 10V, 50V, 100V va 500V? 
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CHlfCfNG 7 


DO DIEN TROf 

§7.1-DAI Cl/dNG 

Dien lid la dai lifting dien thu dong non khi do dien trd se 
khong co dong dien cap cho dien ke. Nhu’ vay, trong may do dien 
trd (ohm ke") phai co nguon mot chieu de tao ra dong dien qua dien 
ke. Tif tri so dong dien do dude se suy ra gia tri dien trd can do. 

Tuy nhien cd the do gian liep hang each dung volt ke va 
ampere ke de do dien tre’t ma khdng can nguon mot chieu trong may 
do. 

Mot each khae de do dien trd thiftfng dung trong phdng thi 
nghiem la dung cau Wheastone de cd ket qua vdi do chinh xac cao. 

§7.2- DO DIEN TRCf BANG VOLT KE VA AMPERE KE 
1- Mach do volt k£* dijt trtfdc ampere ke 



Hinh 7.1 : Volt ke dat trifde ampere ke 


Rx la dien trd can do tri so se dude tilth theo edng thtfc: 
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Do liTc^n^ dien va dien tuf 


Nguyen Tan Phirdc 


R v = — U: dien ap do diftfc tren volt ke 

x i ■ 

I: dong dien do dude tren ampere ke 

Dien ap U chinh la dien ap U x tren R x va U A trcn ampere ke 
nen co tri so la: 

U = U A + U x 

Dieu nay se gay ra sai so va tri so dung cua dien trd la: 

R Uy U-U, 

X / / 

2- Mach do volt k£" dat sau ampere ke 

1 

l '* 

Rx 

Hinh 7,2 ; Volt ke dat sau ampere ke 

Rx la dien trd can do tri so se difdc tinh theo cong thtfc: 

R a U: dien ap do dtfdc tren volt ke 

I: dong dien do dtfdc tren ampere ke 

Dong dien I chinh la dong dien I\ qua Rx va I v qua volt ke 
nen co trj so la: 

I = Iv+Ix 

Dieu nay se gay ra sai so va tri so dung ctiia dien trd la: 
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Chifcfng 7 


Do dien ini 


*.v 


U U 

i 


§7.3- DO BIEN TRCf BANG CAE WHEATSTONE 
1- Mach di£n 



Rx la dien trd can do, R| va R 2 la 2 dien trcf co dinh de tao ti 
le , R 3 la bien trd co gia tri thay doi rat nho (tCttig IQ hay 0 , 10 ). 

2- Nguyen ly 

Bien trd diMc thay doi sao cho dong dien qua dien ke 
bang 0, nghTa la dien dp tren R 2 va Rx co tri so bang nhau. Luc do ta 
cd ti le: 

^1 _ g _ ^2 '3± 

R 2 R x x R t 
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Do luring dicn vii dien tur 


Nguyen Tan Phtfrie 


§7.4- OHM KE 
1- Nguyen 


E 


Hinh 7.4 : Nguyen tac do dien trd 

Mach do dien trd trong ohm ke cd sri do nhd hinh 7.4. Nguon 
dien E thifdng la pin 1,5V hay 3V, R| la dien trd phu cua tifng thang 
do, R x la dien trd can do. 

Dong dien qua dien ke G la: 



R s + R t + R„ 


Khi Rx —■» oc thi I = 0 (khong cd dong dien qua dien ke) 

Khi Rx = 0 th) I = Ips (kim quay het khung) 

Nhif vay, khi de hd 2 que do, khong cd dong dien qua dien 
ke, vi til nay cd tri so oc Q. Khi noi tat 2 que do, dong dien qua ldn 
nhat, kim quay het khung va vi tri nay cd (ri so 0 D (hinh 7.5). 

Gia tri dien trd can do Rx difric tinh theo cong thtfc: 

R \ = y - (^i + R <;) 

Cong thut Iren cho thay gia tri dien trd Rx khong ti' le tuyen 
tinh theo dong dien qua dien ke. Nhif vay thang do cua ohm ke se 
duric chia khong deu. 
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Chifdng 7 


Do dien trd 



Gia tri dien trd can do R x dtfOc iinh theo cong thtfc: 

R y =±-(R l+ R ti ) 

Cong thufc tren cho (hay gia trj dien tret Rx khong li lc tuyen 
ttnh theo dong dien qua dien ke. Nhu" vay thang do eua ohm ke sc 
dtAJc chia khong deu. 

Thi du: dien ke co Ip* = 1 OOjaA, Rc = l,5kQ. Dien tret thang 
doR, = 28.5kQ. 

- Khi co dong qua Vi thang do la I = 100|.iA/2 = 50qA thi gia 
tri dien trii R x la: 

R. =—-(28.5 + l.5).10' =30*0 
50.10 

- Khi cd dong qua 1/4 thang do la I = 1()0 jiA/ 4 = 25qA thi gia 
tri dien tret R x la: 

R, =—^—- -(28.5 +1.5). 1 O' = 90AO 
' 25.10 

- Khi co dong qua i/4 thang do la 1 = 3 x lOOpA/4 = 75qA thi 
gia tri dien tret R x la: 

r. =—— r -(28,5 + K5).io J 
' 75.10 f ‘ 
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Do Itfflng clicn va dien luf 


Nguyen Tan Phtfdc 


30k Q 



Thi du tren cho thay thang do cua ohm ke se difttc phan dp 
khong deu. 


2- Mach di0n 



Hinh 7.7 : Mach dien trong ohm ke 


Nguon mot chieu trong ohm ke hinh 7.7 la 2 pin kho 1,5V. 
Bien trd VR dung de bu trCf cho stf thay doi sut dien dong cua pin 
theo thefi gian. 
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Chtfdng 7 


Do dicn trd 


Dien trd Rb va bien trd ghep shunt vdi dien ke de gidi han 
dong qua dien ke toi da la Ips. Dien trd R ghep ndi tiep de giam ap, 
cd tri so tuy nguon mot chieu. 

Cac dien trd Ri, R 2 , R.x la dien trot shunt cho tufng thang do. 
Thang do co he so nhan ldn nhat (Rxlk) difctc thiet ke khdng cd 
dien trd shunt. 

3- Cach tmh tri s6' cac di£n tr«f 

a) Dien trd mach chinh: R, R A , Rb va VR 

Ddi vdi ohm ke, khi ti'nh toan tri so dien trd phai xac dinh gia 
tri dong dien toi da qua mach dien d tifng thang do. 

Theo hinh 6664 thiet ke vdi: 

- thang Rxlk cd dong toi da la 150j.iA 

- thang RxlOO cd dong toi da la 1,5mA 

- thang RxlO cd dong toi da la 15mA 

- thang Rxlk cd dong toi da la 150mA 

Chon dien ap V A m = Vmb = 1,5V. Gia thiet dien ke cd l F s = 
50pA va R c = 2k£X 

* Xet thang Rxlk: 

Khi ndi tat 2 que do + va dong dien toi da qua mach la 
Irx ik = 150p.A. Dien trd R cd tri so' la: 

R=—^ = -1^— = 10.10' =10*Q (1) 

I,,u 150,10 

-Tinh tri so" dien trd R^: 

R = ^AI!L-R = 15 - — 2.10 J = 28.10 1 = 28£Q (2) 

I n " 50.10 
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Do It/Ong dicn va dicn tuf 


Nguyen Tan Phifdc 


-Tinh iri so" dicn trd Rb va bien trd VR: 

Dong dien qua R u la: 

Irb= iRxa- Ir-S = 15()(iA - 50qA = lOOqA 

R + \'R = ^iL = —- = 15.10'=15 kQ (3) 

" I ltH 100 . 10 -'' 

Nhtf vay, cd the chon: R« = lOkQ va VR = 10kQ (khi VR 
ehi’nh d gia tri trung b'mh se cd tri so la 5kQ). 

b) Tinh dien trd shunt cho tifng thang do: 

* Xet thang Rx 100: 

Khi ndi tat 2 que do + va dong dien toi da qua mach la 
Irooo = 1 5mA. 

Dong dien qua dien trd R| la: 

Iri = Irxkw-1r«il= K5.I0 -- 150.10 r '= 1,35.10°A 

Tinh tri so dien trd Rf. 

/?, = -^ =--— r s 2,2.10' =2,2 kQ 

I Kl 1,35.10 

* Xet thang Rx 10: 

Khi ndi tdt 2 que do + va dong dien tdi da qua mach la 
I Rv iu= 15mA. 

Dong dien qua dien trd Ri la: 

Ir’= Irxio-I R x ik= 15.10 -'- 150.10 fi = 14,85.10''A 
Tinh tri so dien trd R^: 

R, = =---- = 2020 

' /*, 14 . 85.10 
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Chirring 7 


Do dion Lrri 


* Xet thang Rxl: 

Khi ndi tat 2 que do + va dong dien tdi da qua much la 1 k,i 
= 15()mA. 

Dong dien qua dien tnl R 3 la: 

Iio = Uxi - Irxik = 150.10 -- 150.10 ft = 149,85.10'A 
Tinh tri so dien ircf R 2 ’ 

R, = l -^ = ---r = 20.02Q 

/*, 149,85.10- 

4- Ohm kd'co thang do RxlOk 

Nhidu loai ohm ke co lhang do RxlOk thi phai co nguon pin 
9V va bo giao hoan chon thang do cd call tao d3c biet, khi d£ing 
thang RxlOk thi much tU - doi sang nguon pin 9V. 



Hinh 7.8 : Ohm ke cd thang RxlOk 


77 



Do lifting dicn va dicn tu - 


Nguyen TAn Phi/dc 


Mach didn hinh 7.8 la loai ohm ke co thang RxlOk va co 
each thiet ke khac vdi cac dicn trtf shunt noi tiep nhau. 

Lull v : Doi vdi ohm ke, nguon pin co dau am noi ra que do 
dUdng va dau dUllng pin noi ra que am cua may do. Khi dung ohm 
ke de kiem tra linh kien ban dan, can biet dieu nay de co the xac 
dinh chi'nh xac cac chan linh kien. 


§7.5- MEGOHM KE 

Trong cong nghiep, thiet bj dien thu't'fng dung vdi nguon dien 
ap 220V, 380V hay can hdn la 3,3kV hoac 6,6kV ... 

De dam bao an toan cho thiet bj va cho ngufcJi suf dung, can 
kiem tra do each dien gitfa vo kim loai va day dan dien ben trong. 
Dicn trd each dien cua thiet bi dien ha ap yeu cau kha ldn de co 
dong dien rl nho. 

Theo yeu cau ve an toan dien, dong dien rl cho phep cua 
thiet bj dien ha ap la 1mA. 

NhiT vay, dien trd each dien cua thiet bi di£n dung d cap dien 
ap 220V la: 

U 220 

/? = — = ^- = 220*0 
tn I n 10 -' 

Ohm ke co the do dude nhdng dien trd co tri so den vai chuc 
MQ, nhtfng nguon dien trong ohm ke chi co 1,5V hay 3V nen khong 
the kiem tra do each dien cua thiet bi dien ha ap hay trung ap dtfdc. 
De kiem tra do each dien cua thiet bi di£n ha ap hay trung ap phai 
dung may do dien trd cd tri so ldn chuyen dung, goi la Megohm ke. 

Co 2 loai Megohm ke: 

- Megohm ke loai may phat dien 

- Megohm ke dien tuT. 
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ChtfOng 7 


Do dien trcf 


1- CSu tao cua Megohm k£" 

Dien ke dung trong Megohm ke loai may phat dien la ti so 
ke tuf dien gdm ed 2 cuon day: 

Cuon day lech 
Cuon day kiem seat 

Ca hai cuon day d if etc quail tren true quay mang kim chi' thi. 
Moment do hai cuon day nay sinh ra la: 

T| = k|(0).I| va T 2 = k 2 (Q).I 2 

(rung do k| va k 2 la ham so theo gdc quay 9 cua kim, I| va l 2 la dong 
dien qua cuon day lech va cuon day kiem soat. 

Hai moment nay ludn doi khang nhau khi co dong dien di 
qua. Khi hai moment bhng nhau thi kim se cl vi tri on djnh. Luc do: 

Tj = k, (G).Ii = T 2 = k 2 (0).I 2 


Suy ra: 


L.m. m 

I, UO) 


Vay gdc quay cua kim phu thuoc ti so" dong dien I] va I 2 . 

Kim chi thi khong cd lo xo can bang hay day treo nen khi 
chiTa do kimse G vj (rl bat ky. 

2- Nguyen ly do 

De cd nguon dien ap cao, ngUfti ta che tao Megohm ke nhti 
mot may phat quay tay tao nguon mot chieu cap cho maeh (hinh 7.9). 

Dong dien If qua cuon day kiem soat la: 

E 

7. =- (E: sure di£n dong cua may phat) 

(Ri: dien trd chuan, ri: dien trcl cuon kiem soat) 
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Do lift'tng dicn va dien tuf 


Nguyen Tan Phirdc 


Dong dien l>qua cuon day lech la: 

E 

L - - (R x : dien trd can do) 

R y + R , + Vy 

(R 2 : dien trd chuan, r 2 i dien trd cuon lech) 

Khi dien trd each dien R x —» « thi I 2 = 0. Luc do, chi co 
dong dien I| qua cuon kiem soat va moment T 1 se keo kim chi thi ve 
phia (rai thang do chi trj so ocQ. 

Khi dien trd each dien R x = 0Q thi I 2 se co gia trj ctfc dai 
(luy trj so dien trd R 2 ). Luc do, ti so dong dien I 2 /1| se dat gia trj cite 
dai va keo kim chi thi sang phia phai thang do chi trj so" 0Q. 

Khi dien tref each dien co tri so bat ky, kim chi thi cd goc 
quay 0 va luc do 1 moment can bang. Ta cd: 

, E E 

I. -- va 7, =- 

R { +r, R y + /?j + r, 


Suy ra: 


/?, +r. 


= k{0) 


A Rx + Ri +r 2 

Goc quay 0 tuy thuqc tri so R x hay suy ra: 
_ R. + r, 

Ry = —- --(R-, +r,) 

A k(0) - 2 


3- Di$n tror each difn tieu chuSn 

Tu^ thuoc cap dien ap suf dung cua thiet bi dien ma dien trd 
each dien theo qui dinh cd gia trj tieu chuan khae nhau. 

Sau day la gia trj dien trd each dien cua thiet bj di$n ha ap d 
nhiet do moi trifling khoang 30°C - 35 (I C: 

- > 100MQ: rat tot - 50MQ - 100MQ: tot 


- 10MQ - 50MD: kha tot - 5MQ - lOMfi: kha 
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Chtfdng 7 


Do dien irO 


1MQ - 5MQ: dal yeu cau - 500kQ - 1MQ: trung binh 

< 500kQ: kem - < 1 OOkO: rat kem 

Thvfc te thi gia tri dien trd each dien cua thiet hi thay doi 
then nhiet do lam viec, cac tri so tren chi co y nghTa ttfdng doi. 

Cau hoi 

1- Do dien tr (1 hang phifdng phap gian tiep co do sai so tuy 
ihupc yeu to" nao? Giai thich ly do? 

2- Cho bicl each tmh noi triJ cua ohm ke theo tifng thang do. 

Bai tap 

1- Mot ohm ke co sd do nhif sau: 



Tmh trj so cac dien trd trong mach dien cua ohm ke tren. 

Cho hiet dien ke co: I FS = lOOpA va Ro= l,5kQ. 

2- Trifling hop co thang do RxlOk, much dien thay doi nhif 
the nao? Vo va giai thich nguyen ly. 
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CHlfCfNG 8 


DO DIEN TRd NOI DAT 

§8.1- DAI CLfONG 

Trong ky thuat an loan dien, hai phifdng phap bao ve an loan 
dien cho hai loai lifdi ha ap trung tinh noi dat va trung dnh khbng 
noi dat la phtfdng phap noi dat bao vc va noi trung tinh bao ve. 

De kiem tra he thong bao ve an loan dien cho hai loai Itftli 
tren, ngufti ta phai thudng xuyen kiem tra dien trd not dat cua he 
thong. Thiet bi kiem tra la may do dien trd noi dat. 

§8.2- PHl/ONG PHAP DO TRl/C TIEP 
1- Cac dmh nghia 

- Dien trd noi ddi: dien trd tiep xuc giffa dat va coc noi dat 
cua thiet bj dien. Thifc te gia tri dien trd nay co thay doi theo viing 
dat co coc noi dat. De tranh bj anh ht/dng Idn bdi dien trd cua vung 
dat, ngtfdi ta qui dinh cu the pht/dng phap do. 

- Coc do dien trd noi dat: coc kim loai (thudng lam bang 
dong), dai 0,4m - 0,5m. Cac coc do se dtfdc dong xuoYig dat va noi 
vao much do. 

- Coc noi dat: tuy loai thiet hi dien can bao ve ma coc noi dat 
se co cau tao khac nhau. Ddi vdi cac col thu 16i thi coc noi dat 
thu’dng la nhu’ng coc kirn loai dai khoang lm (thu’dng co 3 coc) dUdc 
dong sau xuong dat va dUdc noi lai bang day dan dien dep. Ddi vdi 
cac tram trung ap can co mang noi dat chung thi thu’dng dung nhu'ng 
tarn kim loai co dien tich khoang lm 2 - 2m 2 dat sau difdi long dat 
roi noi len bang day dong tran goi la day noi dat. 
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Chi/clng K 


Do dien trcf noi dal 




Do lifting dicn va dicn irt 


Nguyen Tan PhuVfc 


Bo qua cac sai so do dien trd dat, dien trcl tiep xuc cua cac 
cqc phu, dong dien re qua volt ke thi dien trd noi dat cua epe E duVfc 
tinh theo cong thtfc: 





U: dien ap do duttc tren volt ke 
I: dong dien do difefe qua ampere ke 


Phi/dng phap do gian tiep phut tap, khong du\lc thong dung. 


§8.3- MAY DO TIEP DAT DIEN Tl/ (Automatic Earth Tester) 

Hien nay da cd may do dien trd ndi dat chuyen dung suf dung 
mach dien tuf va difife suf dung rong rai. 

1- Phu tung 

- cd 2 coc ndi dat phu P (Auxiliary earth terminal for 
voltage: coc ndi dat phu do dien ap) va C (Auxiliary earth terminal 
for current: coc ndi dal phu do dong dien). 

- bdn day do: 5m, 10m, 15m, 0,2m. 

- ngudn pin 1,5V xX = 12V 

2- Cac thang do 

- do dien Ini ndi dat: 10C2, 10()£2, IOOOQ 

- do dien ap rdi Iren dat: 30V 

3- Nguyen ly 

Khi an nut Power, trong may do, mach dicn tuf tao ra ngudn 
dong dien on dinh (Regulated Current Source) cd trj so l A c = 3mA. 
tan so la f = 2kHz. Dong dien nay di lif coc C sang coc E. 

Dien ap gitfa coc P va E se dtfdc do bang mach volt ke trong 
may de cd trj so Ex . Dien trd ndi dal diftfc Itnh theo edng thufc sau 
va hien thi iron dien ke: 


K4 



Chtfdng 8 


Do dien trcf noi dat 


R x = -j- I = 3mA (hang so) 

Nhtf vay, R x tt lc tuyen tilth then Ex . Dien ke difdc stir dung 
la loai dien ke tit dien vi co thang do chia deu theo dong dien qua 
dien ke. 

4- Do di£n ap rrfi trong dat 

Cach do giong nhu’ do dien trill noi dat nhtfng khong an nut 
Power va dung thang do 30VAC. Luc do, much volt ke AC trong 
may se do dien ap giffa coc E va cpc P. 

Viec do dien ap rdi trong dat nham muc dich kiem tra day 
trung tinh. Neu cd dien ap rdi trong dat co nghTa la day trung tinh bi 
dtft va dong dien cap cho tai difdc kin much qua dien trd cua dat. 


Cau hoi 

1- Phan biet hai loai nguon ha ap trung tinh noi dat va trung 
tinh khong noi dat. 

2- Bien phap bao ve an toan dien cho Itfdi trung tinh khong 
noi dal? 

3- Bien phap bao ve an toiln dien cho lifdi trung tinh khong 
noi dat? 


4- Y nghla cua viec do dien tret noi dat cua he thong dien 
cong nghiep? 

5- Co can kiem tra dien tri) noi dat cua cac c6t thu loi hay 
khong? Giai thich ly do. 
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CHUdNG 9 


DO DIEN DENG VA DIEN CAM 

§9.1-DAI CUONG 

Dien dung C va dien cam L la hai dai ltftdng dien thu dong 
(nhtf dien trcf R), nhtfng C va L co gia trj thay doi then tan so cua 
dong dien di qua nen khi muon do C va L phai stir dung ngudn dien 
xoay chieu co tan so cu the. 


§9.2- DO DIEN DUNG, DI£N CAM BANG VOLT KE VA 
AMPERE KE 


1- Do di£n dung C 



Hinh 9.1 : Do C bang volt ke va ampere ke 


Trong mach do hinh 9.1, dung khang cua tu dude tinh theo 
cong thtfc: 


x -fV 
Xc ' i. 


V c : dien ap do dude trep volt ke 


Ic : dong dien do dUdc tren ampere ke" 
Tirdo, suy ra dien dung C theo cong thde: 


X, - 


Cco /„ 


c= /r 


V c co 


(vdi to = 2nf) 
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Chtfdng 9 


Do dien dung va dien cam 


2- Do di£n cam L 



Hinh 9.2 : Do L bang volt ke va ampere ke 


Trong mach do hinh 9.2, cam khang cua cuon day dude tinh 
theo cong thud: 

y, 


x, = 


i 


Vl : dien ap do dddc tren volt ke 


II : dong dien do dtfdc tren ampere ke 
Tit do suy ra dien cam L theo cong thtfc: 


v 

X, = Lo) — —— 

i, 


L- V ' 


1 , 0 ) 


(vdi © = 2rtf) 


3- Do he stf ho cam M 

Khi hai cuon day dat gan nhau hay quan chung tren cung 
mot mach tCr thi se co hien tilting cam dng qua lai giffa hai cuon day. 
He so ho cam la dai lifting dac triftig cho hien tifting cam tfng nay. 



Hinh 9,3 : Do M bang volt ke va ampere ke 




Do luflng dicn va dien tur 


Nguyen Tan Phi/dc 


H'inh 9.3 la mach do hd cam gitfa hai euon (lay Li va L 2 . 


He so ho cam M difdc tinh theo cong thtfc: 



/ 


/1 


V Li : dien ap do dUdc tren L 2 
Ili: dong dien do dtfdc qua L| 


§9.3- DO C VA L BANG VOLT KE AC 


Hien nay co nhieu may do da nang (VOM) difdc thiet ke co 
them thang do dien dung va dien cam vdi ddn vi pF va mH. Tuy 
nhien cung co nhieu may do da nang khong co cac thang do nay. 


Trong phan nay, chung ta se phan tich nguyen ly do C va L 
bling volt ke AC de c<5 the do va tinh ra tri so cu the bang mot phep 
tinh ddn gian. 


1- Do di£n dung C 

a) Mach do: 


50V AC 



Thang 
50V AC 


#- J 

Hinh 9.4 : Do C bang volt ke AC 


h) Nguyen ly: 

Mach do hinh 9.4 la mach RC trong mach di^n xoay chieu, 
trong do, dien trd co ddng dien Ir va dien ap Vr dong pha nhau con 
tu dien co dong di^n Ic sdm pha hdn dien ap Vc mot goc 90°. 

Mach do hinh 9.4 co the phan tich thanh mach tudng dddng 
nhif hinh 9.5 va tarn gi4c dien ap nhur hinh 9.6. 
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Chi/dng 9 


Do dien dung va dien cam 



Hinh 9,5 : Mach RC ghep noi tiep 


Dien trd Rv la noi trcf cua volt ke cl thang do dang suf dung. 

Theo each do nay, nguon dien Vs phai co tri so bang tri so 
thang do cua volt ke. Thtfclng chon thang 50V hay thang 10V. 

Gia thiet volt ke thang 50V, dung much nan dien ban ky va 
dien ke tijf dien co 4s = 50pA, Rc = 2kQ. Noi trd cua volt ke la: 
9kQ/VAC. Suy ra noi trd cua volt ke of thang 50V la: 

Rv(5ov>= 9kQ x 50 = 450kQ 



Ttf tarn giac dien ap ta co: 





(i) 


trong do: 

11 

< 

X, = 1 = 1 

Cco 2 TrfC 

(2) 

va: 

II 

* 

II 

(3) 
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Do luftng dien va dien 


NguyCn Tan PhUcju 


Thay (2) va (3) vao (1) ta co: 

_ R l ^V s 2 -V K 1 1 

' K rt lirf'C 


Suy ra: C =- ' — _ 

2 nfRyW ~V, ( 2 


Trong do: - Vs la dien ap nguon bang gia tri ctia (hang do 

- Vr la dien ap do du’dc tren may do 

- Rv la npi trcf cua volt ke d thang do tudng ufng 
2- Do di£n cam L 

a) Mach do: Lx 



Thang 

50VAC 


Hinh 9.7 : Do L bang volt ke AC 


h) Nguyen ly: 

Mach do hinh 9.7 la mach RL trong mach dien xoay chieu, 
trong do, dien trd co dong dien Ir va dien ap Vr dong pha nhau con 
cuon day co dong dien II tre pha hdn dien ap V L mot goc 90°. 

Mach do hinh 9.7 co the phan tich thanh mach u/rfng ddOng 
nhifhinh 9.8 va lam giac dien ap nhif hinh 9.9. 
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C htfcfng 9 


Do dicn dung va dicn cam 


Vl 



t 

V« 

i 


Hinh 9.8 : Mach RL ghep noi tiep 


Tuvtng ttf ta van co dien trcf Rv la noi trd cua volt ke 0 thang 
do dang stt dung va nguon dicn V s phai co trj so bang tri so thang do 
cua volt ke. Thu’dng chon thang 50V hay thang 10V. 

Gia thiet volt ke thang 50V, dung mach nan dien ban ky va 
dien ke tif dien co Ips = 50pA, Rg = 2kQ. Noi tret cua volt ke la: 
9kQ/VAC. Suy ra noi tret cua volt ke 0 thang 50V la: 

Rv,5i)v,= 9kQx 50 = 450kQ 



Hinh 9.9 : Tam giac dien ap mach RL 


Tit tarn giac dien ap ta co: 

K = A 2 -^ 2 

trong do: V L = I, .X, vdi: 

va: 

K v 


( 1 ) 

X, = eoL = 2 nfl (2) 
(3) 
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Bo luting dien va dien luf 


Nguyen Tan Phi/i'ic 


Thay (2) va (3) vao (I) la co: 


X,~ 


- 2;tfL 


Suy ra: 


L = 




2 x(V* 


Trong do: - Vs la dien ap nguon bhng gia trj cua thang do 

- V K la dien ap do diftfc tren may do 

- Rv la noi trd cua volt ke d thang do tifdng tfng 


Cau hoi 

1- Giai thich y nghla cua tain giac dien ap? 

2- Phan biet dac tinh cua tu dien va cuon day trong mach 
dien xoay chieu? 


Bai tap 

1- Dung volt ke" AC thang 10V do tu di£n C x . Neu may do 
chi dien ap 4V, tinh tri so cua tu? Cho biet may do co dien ke vdi I F s 
= lOOpA, Rg = l,5kQ va dung mach nan dien toan ky. Nguon dien 
Vs cd tan so" f = 50Hz. 


2- Dung volt ke" AC thang 50V do cuon day L x . Neu may do 
chi dien ap 45V, tinh trj so dien cam L? Cho biet may do cd dien ke 
vdi Ifs = 5()pA, Rc = 2kQ va dung mach nan dien toan ky. Nguon 
dien Vs cd tan so" f = 50Hz. 
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CHOdNG 10 

MAY PHAT SONG 


§10.1- DAI CUdNG 

Trong ky thuat dien tuf, de phuc vu cho viec khao sat, ti'nh 
toan, thiet ke hay sufa chu'a, ngufti ta can dung cac loai may phat 
song de co cac dang song vdi tan so va bien dp chuan. 

1- Phan load may phat song 

May phat song (con gpi la may phat tin hieu: signal 
generators) dude chia ra: 

may phat song sin tan so thap (LF: low frequency sine 
wave generators) 

may phat song tan so cao (RF: radio frequency sine wave 
generators) 

may phat song tao ham (function generators) 

may phat tin hieu xung (pulse generators) 

may phat tan so quet (sweep frequency generators) 

2- Phan loai tin so' cua song di^n (tin hieu) 

- Ha tan: OH/. - 30kH/. dude chia ra: 

- OH/ - 20Hz: ngoai am 

- 20H/ - 20kH/.: am tan 

- 20kHz - 30kHz: sieu am 

- Trung tan: 3()kHz - 300kHz 

- Cao tan: tvf 300kHz. trd len va dude chia ra 
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Do Itfdng dicn va dicn tti 


Nguyen Tan Phtfdc 


- 300kHz - 3MHz: dung cho radio (HF do High 
Frequency: tan so cao) 

- 3MHz - 30MHz: dung cho Tivi (VHF do Very High 
Frequency: tan so rat cao) 

- 30MHz - 300MHz: dung cho Tivi va Radar (UHF do 
Ultra High Frequency: tan so cifc cao) 

- 300MHz - 3GHz: cho truyen hinh ve tinh (SHF do 
Super High Frequency: tan so sieu cao) 

- 3GHz tret len: dung cho lien lac ve tinh (EHF do Extra 
High Frequency: tan so ngoai hang) 

§10.2- VAN D t DO BIEN BQ CUA AM TAN 

Trong ky thual dien tut, de do do khuech dai cua mach dien 
tu\ dap uTng bien do cua mach loc ... ngirdi ta thuftng dung ddn vj 
deciBel (dB; IdeciBel = 0,1 Bel). 

Be do bien dp am tan, ngddi ta cung dung ddn vi nay va qui 
dinh dien trd tai cd tri so la 6000. 

Doi vdi ngd vao cua mach, neu muon tinh thco ddn vi nay 
cung phai cd tong trd la 6000. 



H)nh 10.1 : Qui djnh tai va tong tret vao 
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Chi/dng 10 


May phat song 


Don vj dB dude doth nghia: “Neu co cong suat P = lmW ra 
tren dien trd tai R = 600Q thl dien ap am tan tren tai la 0 dB”. 

U 2 

Ta cd cong thifc: P - RI 1 = - — 

R 

Suyra: U 2 = PR hay U = JKr 

Nhitvay: U = Vi0 \600 = 0,775P = 0 dB 

Trite Jug hdp tinh gan dung (hi cd the qui trdn IV £ OdB. 

Do khuech dai cong suat di/dc tinh theo cong thde: 



Ngitcfi ta cam nhan am thanh khong ti le tuyen tinh theo cong 
suat ma theo ham logarit thap phan. 


Dp khuech dai tinh theo dB la: 
AMIB) = 10log P ° 


P, 

U J. 

A,,(dB) ~ lOlog-—p = 10 log 
R, 


(log 10 = 1; logl = 0) 


U, 


u 


(do Rf) = R|) 


A,,(dB) = 10 log 


f U' 


U, 


= 20 log — 

U, 


Tren eac thiel bj thu phat am tan, ngitdi ta khong ghi ddn vi 
la Volt ma ghi la dB (vdi ngd vao U| = IV £ OdB). 


Thi du: 

- Neu cd: U<>= IV 


Ap = OdB 
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Do luting dicn va dien tft 


Nguyen Tan Phddc 


- Neuco: Uo= 10V => 

- Neu cd: Uo= 100V => 

- Neu co: Uq = 0,1V 

- Neu co: Uo= 0,01V => 


Ap = +20dB 
Ap = +40dB 
Ap = -20dB 
Ap= -40dB 


§10.3- MAY PHAT SONG SIN TAN SO THAP 
1- Nguyen ts!k 

Mach dao dong hinh sin dda tren hien ttfdng nap xa cua 
mach RC hay c0ng hift’fng cua mach LC, ket hdp vdi mach khuech 
dai hoi tiep de tao tin hieu. 

Be co tin hieu hinh sin ra. mach khuech dai hoi tiep phai 
thoa dieu kien sau: 


VS -!->© 


V| 


khuech dai 


» v "Cb 


Vf 




hoi tiep difttng 


v 0 


Hinh 10.2 : Mach khuech dai hoi tiep 


Co nhieu each dao dong de tao song sin dut.lc sit dung trong 
cac may phat song. Mach dao dong dung cau Wien (Wein) la mach 
cho ra tin hieu co tan so va hien dp on dmh vdi do meo dang thap 
nen dtfdc siif dung nhieu nhat. 

2- Mach dao dong dung cau Wien 






Chtfrfng 10 


May phai song 


Mach dien hlnh 10.3 la math dao dong dung cau Wien co 
mach khuech dai thuat toan la mach khuech dai khong dao de thtfc 
hien hoi tiep difcfng. 

Cau Wien gom cac linh kien la: R|, R 2 , Rj, R 4 , C), va C 2 . 



Cau Wien se dat trang that can being khi thoa dieu kien: 


R, R 2 + C, 


( 1 ) 


Tan so dao dong cua mach la: 

1 


f = 


2 7rjR{\RX\ 


( 2 ) 


Triiftng hdp: R| = R 2 , va C] = C 2 thi ttif bieu ihtfc (1) (a co: 
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Do Itfcing dien va dien tilt 


Nguyen Tan Phtfdc 


R 3 =R 4 

va tit bieu thufc (2) cho ra: / = —-— 

InRC 

CS tan so' can bang eda cau thi dien ap tin hieu vao cung pha 
vdi dien ap tin hieu ngo ra. Day chinh la dieu kien cua mach hoi 

" L v y 

tiep dtfdng. O nhffng tan so khac se khong co sit dong pha gitfa tin 
hieu vao va ra, dan den tin hieu ra bi suy giam bien do. 

D6 khuech dai dien ap cua mach la: 

A,, = Ri + - = 3 (vi: R 3 = 2R 4 ) 

Thut te, do khuech dai cua mach phai ldn hdn 3 mot chut de 
duy tri dao dong, 

3- Mach dao d$ng thay doi tan stf' 

De co the thay doi tan so cua tin hieu d ngo ra, ngtfdi ta dung 
mach dien hinh 10.4. Trong sd do co 6 tu dien chia ra 3 cap tri so 
dtfdc chon bang cong-tac doi co 3 vi tri (S| va Sj) de chon khoang 
tan so. Bien trd doi Ri va Rj dung de thay doi tin so vo cap. 



Hinh 10.4 : Mach dao d6ng thay doi tan so' 
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Chtfdng 10 


Mdy phat song 


Thi du: 

- vi tri 1 co tan so thay doi trong khoang 100Hz den 1kHz 

- v| tri 2 co tan so" thay doi trong khoang 1kHz den 10kHz 

- vj tri 3 co tan so thay doi trong khoang 10kHz den 100kHz 

4- Mach dieu chinh bien do ngo ra 

Ngo ra cua may phat song co yeu cau dieu chinh dude bien 
do, dong thdi phai co tong trd ra nho de khong lam suy giam bien do 
cua tin hieu. 

Mach dien hinh 10.5 dung Op-Amp rap theo kieu mach lap 
de co tong trd ra nho. Cong-tac S dung de chon mute bien d6 ra giffa 
2 khoang, bien trot dung de dilu chinh vo cap bien do tin hi6u ra. 



5- Mach doi ttf song sin ra song vudng 

Cac may phat song ha tan tJiUdng cho ra ca 2 dang sdng sin 
va vuong (square wave), De co the suf dung chung cac cong-t3c va 
bien trd dieu chinh tan so, ngirdi ta khong dung mach tao xung 
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Do hiking dicn va dicn i\f 


Nguyen T;Vn Phitdc 


vuong doc lap vdi song sin ma dung much doi tit song sin ra vuong 
nhuT mach dien hinh 10.6. 



Tin hieu ra sau Op-Amp se hi cat ngon bdi hai diod /cner Z\ va 
Z 2 . Diod Df dan khi co ban ky dicing, diod D 2 dan khi co ban ky am. 

Nhir vay, bien do cua xung vuong ra bi gidi han 0 mtfc: 

V„=±(V / +V I> ) 

6- Stf d6 khfiii may phat song ha t£n 

Oscillator: much dao tlong tao song sin 

Square wave generetor: mach tao song vuong 

Power supply: khoi cap nguon 

Fine adjuster: nut dieu chi’nh bien do phang 

Output control: chon bien do ngo ra 

Multiplier High / Low: mach tao 2 mtfc hic*n do can / (hap 
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CluAfni! 10 


May phai song 



OUTPUT 


Hinh 10.7 : So do khoi may phat song ha tan 


7- Hinh dang ben ngoai va cac nut ehinh (hinh 10.8) 
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Chitting 10 


May phat s6ng 



Nut 1 : chon khoang tan so dao dong cho ra. Co 5 vi tri: xl, 
xlO, xlOO, xlk, xlOk. 

Nut 2 : chinh tan so song sin hay vuong ra tiTdng dng vdi cac 
vj tri cua nut 1: xl: tit lOHzden 100Hz 

xlO: tif lOOH/den 1kHz 

xlOO: tir 1 kHz den 10kHz 

xlk: ttf lOkHzden 100kHz 

x 1 Ok: tit 100kHz den 1MHz 


Cong-tac 3 : cong-tac dong / ngat nguon AC 220V 

Den 4 : den bao hieu c6 nguon 

Nut 5 : cong-tdc chon dang song ra sin / vuong 

Lo cam 6 : ngo vao cua tin hieu dong bo ben ngoai 

Nut 7 : bien tret dieu chinh bien dQ phSng 

Nut 8 : cong-tdc chon bien do ra mdc cao / thap 

Lo cam 9 : lo cam lay tin hieu ra 
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Do lurftne dicn va dicn nr 


Nuuven Tan Phutfc 


9- Mot tfng dung cua may phat song 


OSCILLOSCOPE 


AC 

VOLTMETER 


AG-2601 A ^ 





AMPLIFIER 
UNDER TEST 


Hinh 10,10 : Dung may phat song ket hop dao dong ky 
kiem tra chat lifting mach khuech dai 


§10.4- MAY PHAT SONG TAO HAM VUONG VA TAM GIAC 
1- Sd do 

De tao song vuong va tam giac\ ngifiti ta khong lay tir sin ma 
kct hdp mach tich phan va mach Schmitt trigger nhif sit do hinh 
10 . 11 . 


MaUi iu! v l 



ifin O ii 


.VLuh tun 



“ I 


Hinh 10.11 :Miiv phat song vuong va tam giac 
















Chi/dng 10 


May phal song 


2- Nguyen ly 

a) Op-Amp 2 la much Schmitt trigger: hoat dong then nguyen 
lac: 

khi dien ap ngo vao tang len hdn mtfc cao (UTP: upper 
trigger point) thi op-amp bao hoa difdng, ngo ra cd dien 
ap cao: V 0 = V H = +Vcc - IV 

khi dien ap ngo vao giam dufdi mtfc thap (LTP: lower 
trigger point) thi op-amp bao hoa am, ngo ra cd dien ap 
thap: V„= V,. = -(V cc - IV) 

Tin hieu d ngo ra c Li a op-amp 2 la tin hieu hinh vudng. 

Gia thiet do khuech dai vdng hd ciia op-amp la 200.000 Ian 
thi dien ap ngo vao du de op-amp dan bao hoa la: 

y _ ±(V< v -W) 

1 200.000 

Thi du: V C c= 12 V thi V, = - ( — ~ = 55 mV 

' 200.000 


Khi op-amp bao hoa thi dien ap ngo ra lai difa vc va tao dien 
ap tren dien trd R_, theo eong thtle: 



-in. 


R\ + Ra 


Tif do ta co the tinh difdc gia tri inufc cao UTP vit mtfc thap 
LTP d ngo vao de ed the lam doi trang thai ciia op-amp. 

Thi du: math Schmitt trigger cd ±Vcc = 12 V, R.i = 5,AkQ va 
R 4 = 22kQ. Tinh tri so mtfc cao UTP va mtfc thap LTP. 

Dien ap ngo ra khi bao hoa: 

v 0 =±{v C( .-\v) = ±(n-\) = ±\\v 
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Bo luftng dicn va dicn luf 


Nguyen Tan Ph title 


Tinh mut cao khi ngo ra bao hoa am, V<> = -1IV. Luc do, 
ngo cong xem nhU noi mass, dien ap tren dien trd R 4 la: Vr 4 = 11V. 

V 11 

Dong I 4 co tri so: I, = = -r = 0,5 mA 

/? 4 22 . 10 ’ 

Taco: l 4 =I 4 

nen: V HX = /,./?, = 0,5.10^.5,6.10’ - +2.8L ~ LIT 

Tufting tu, tinh mufc thap khi ngo ra bao hoa dUPng, V () = 
+ 1IV. Luc do, ngo cong xem nhU noi mass, dien ap tren dicn trP R 4 
la: V R4 = -11V. 

V —11 

Dong I 4 c 6 tri so: 1. = —— =-—- = -0,5 mA 

h 4 R a 22.10 

Ta co: I 4 = I 4 

nen: V ny = /,./?, = -0,5.10'\5,6.10* =-2,8 V = LTP 

b) Op-amp l la math rich phan duo: 

Tin bieu hinh vuong ra cua op-amp 2 dUa ve ngo vao cua op- 
amp 1, bien do dUpc chon nhp bien trd R|. Mach tich phan co tin 
hieu vao ngo dao nen khi ngo vao nhan mufc cao thi ngo ra co bien 
do giam xuong va ngifpc lai. 

Goi dien ap vao la V| thi dong 1 2 nap vao tu dupe tinh theo 

V. 

cong thut: / 2 = — 

R 2 


Mut dien ap nap dupe tren tu dupe tinh theo cong thdfc: 



h_ 

C 


NhU vay: 


C. A V 

I =- 

1 


vdi: AV = UTP - LTP 
I = 1 2 va C = C| 
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Chtfcmg 10 


May phal song 


Chu ky: T = 2t 


Tan so cua xung ra la: 


2AL.C 


Thi du: mach rich phan cd C = 0,1 pF: Ri = lkQ; R 2 = lOkQ. 
Tinh khoang tan so mach tao ra. 

* Khi bien trri chinh d vi tri dinh thi: V. = Vo= ± 1 IV. 


Tinh dong L: 




- 1,1 mA 


/?, 10.10 


±1,1V 


AV = UTP - LTP = 2,8 - (-2.8) = 5,6V 
Tan so ra d vi tri nay la; 

/ = —-— = — - L1 ° -= 982 Hz * \kHz 

2CAV 2.0,1.10 .5,6 

* Khi bien tret chinh d vi tri 10% cua dinh thi: V) = 0,1V ( > = 


Tinh dong I 2 : 

V 1 1 

I , - — - — 1 —— - 0,11 mA 
- R 2 10.10’ 

AV = UTP - LTP = 2,8 - (-2,8) = 5,6V 
Tan so ra d vi tri nay la: 

/ = —— = 0,11 10 -= 98 Hz ~ 100 Hz 

2CAV 2.0,1.10“ .5,6 


Tan so ra nay cung chinh la tan so cua xung vuong sau op- 


amp 2 . 
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Do luftng (lien va dicn li'f 


Nguyen Tan Phutfc 


3- Mach tao song co nhieu khoang tan so' 

C 3 



§10.5- MAY I’HAT SONG SIN TAN SO CAO 

1- Dai cirtfng 

* 

May phat song sin tan so can co khoang tan so ra tif iOOkH/ 
den 40GH/,. May phat song sin tan so cao gom eac khoi: 

mach dao dong cao tan 

much khuech dai 

mach dinh chuan bien dp tin hicu ra 
mach hien thi bien do tin hien ra 

Mach dao dong tao song sin trong may phat song cao tan 
thu'dng la mach dao dong Hartley hay much dao dong Colpitis. 

2- Mach dao dong Hartley 

Mach dao dong Hartley con gpi !a mach dao dong ba diem 
dien cam cb sO do nhtf hmh 10.13. 


I OH 



ChuOng 10 


May phat song 


Transistor difdc rap cite E chung nen c6 tin hieu vao cite B va 
tin hieu ra d cite C la hai tin hieu dao pha nhau. Mach LC song song 
la maeh epng hitclng de ehpn tan so dan dong trong do: 

L = Li + Li + 2M Li-Li: dien earn (Lent/) 

M: he so ho cam (Mutual) 



Hinh 10.13 : Maeh dao dong Hartley 

Tan so dao dong la: f (t = 

Dieu kien phat sinh dao dong la: ft > — - ' — 

L + A"/ 

V. K ^ ^ 

O tan so dao dong Id, maeh LC ed tong tn’t cite dai nen dien 
tip cua tin hieu Id cd trj so Idn nhat se diftfe dita vao cite B eiia 
transistor de khueeh dai. 

Nhef euon day L ed diem gitfa ndi mass nen tin hieu ra tren 
cite C qua ditfrng hoi tiep ve cite B la maeh LC song song se tao lai 
tin hieu dong pha vdi tin hieu d ngd vao de cd hoi tiep ditdng theo 
dieu kien eiia maeh dao dong. 

Cupn day L gdm hai phan L| vii L: ed diem giCfa ndi mass 
nen maeh ditclc goi la maeh dao dong ha diem dien earn. 


_J_ 

ItttJTT' 
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Bo luttng dien va dien in' 


Nguyen Tan Phifdc 


Tu Cf. : la tu phan dong de lpc tin hieu tren cut E, bo tac dung 
hoi tiep am cua Re. Cac tu C| - C 2 - C_i la tu lien lac thufdng co tri so 
kha ldn so vdi tu C. 

3- Mach dao d<)ng Colpitts 

Mach dao dong Colpitts con goi la mach dao dong ba diem 
dien dung co sd do nhif hinh 10.14. 

Trong mach dao dong Colpitts, transistor rap kieu E ehung La 
mach khuech dai dao, mach LC song song La mach cpng hudng de 
chon tan so dao dong, trong do, tu C co dien dung ttfdng duting dien 
dung tu C| va C 2 ghep noi tiep. 

c _ CiA 
C|+C 2 

Tan so dao dong la: f a - 

Mach dao dong Colpitts co nguyen ly ttfctng tif mach dao 
dong Hartley nhifng thay hai cuon day Li - L 2 noi tiep bang hai tu 
C| - C 2 noi tiep de co diem giffa mach cong htfdng noi mass. Nhd 
do, mach LC song song co hai tin hieu d hai dau la hai tin hi 6 u dao 
pha nen tao ra hoi tiep difdng theo dieu kien cua mach dao dong. 


1 

IrryfLC 
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Chtfdng 10 


May phal song 



Ngfi vj»o LF 


I-• 


Hinh 10.15 : Song cao tan dieu che bien do 

Mach dieu che bien do cd ban co sd do nhif hinh 10.15. 
Trong sd do, transistor Qi la mach khuech dai cao tan. Neu khong 
co transistor Qi (FET) thi Qi cd do khuech dai dien ap la: 


Transistor Q; ghep vdi R 4 qua tu lien lac Ci nen khong cd 
anh hifdng den trang thai 1 chieu cua Qi. 

Khi cd Q 2 , do khuech dai dien ap cua mach trd thanh: 


A,=- 


RJ!R d 


Ri> dien trd cifc thoat cua Q 


Khi cho tin hieu tan so thap vao cifc G cua Q 2 se lam thay 
doi gia tri dien trd Ri> Nhd vay, do khuech dai cua Qi se bi thay doi 




Do lifting clicn va dien { i? 


Nguyen Tan Phirdc 


va bien do cua song can tan ra se hi thay doi then bien do cua song 
am tan dal van cufc G. 

5- Song cao tan dieu che tan so'(FM: Fryquency modulation) 

Mach dieu che tan so lai difOc thife hien tai mach dao dong 
cua may phat song cao tan (thay v) tai mach khuech dai nhu’ dieu 
che bien do). 

Mot each dieu che tan so la dung diod bien dung (VVC diod: 
variable voltage capacitor diod). Bay la loai diod cd dien dung hien 
doi klii thay doi mife dien ap ngifOc dal van diod. 

Mach dieu che tan so cd ban cd so do nhif hinh 10.16. Trong 
sd do, transistor Qi la mach dao dong cao tan dung mach cong 
hifdng LC ghep song song. 



Hhih 10,16 : Song cao tan dieu che tan so 


Tan so cong hirdng cua much dude tinh theo cong thufc: 

/ = WIT 
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C hitting 10 


May phat song 


Trong do, dien dung C la dien dung lifting dicing cua C 4 va 

C D . Ta c6: C' = (C 4 // C D ) 

(-a t"*/j 

Thco sd do, diod bien dung diTdc phan cafe ngifttc lien khi 
dien ap tren tai Rcbi thay doi se lam lhay doi dien dung Cu. 

Khi cho tin hieu tan so thap vao cifc B. transistor khuech dui 
se lam dien ap Vcthay doi. Dieu nay lam dien dung Cathay doi se 
lam thay doi tan so epng htfclng tren mach LC. 

Cau hoi 

1- Cho biet ynghla cua viec chon ddn vi va do mtfc am tan? 

2 - Giai thich nguyen ly mach dao ddng dung cau Wien ? 

3- Cho biet cac phtfOng phap thay doi tan so trong mach dao 
dong dung cau Wien? 

4- Giai thfch nguyen ly mach doi tit song sin ra song vudng? 

5- Giai thich nguyen ly so do chi tiet may phat song AG- 
26014 (Dai loan)? 

6 - Cho biet cac ting dung cd ban cua may phat song ha tan? 

7- Giai thich nguyen ly may tao ham sin va vudng? 

8 - Phan biet nguyen ly mach dao dong Hartley va mach dad 
dong Colpitis? 

9- Cho biet nguyen ly dieu che bien do song sin? Lfng dung 
trong thud te? 

10- Cho biet nguyen ly dieu che bien dp song sin? Ong dung 
trong thifc te? 
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CHlfdNG 11 

MAY DAO DQNG KY (OSCILLOSCOPES) 


§11.1- DAI CUCfNG 

May dao dong ky phd bien nhat la may dao dong ky tia am 
cifc (cathode - ray oscilloscopes) gom cac phan chinh la: 

- den Lia am cdc (dng phdng tia dien tuf) 

- much dieu khien 

- mach nhan tin hieu vao 

1 - Den tia am cufc (viet tat la CRT: cathode ray tube) la den chan 
khdng ma dien tu 1 dufdc phat ra bang each dot nong am cut va tao 
thanh chum tia hep, vdi tac dung cua dien ap cao d dU(tng ede, dien 
tu 1 se duTOc hut va dap manh vao man hinh co quet kip phosphor de 
phat ra anh sang. 

2- Mach dieu khien co nhiem vu lam tia dien tuf dong thefi bi keo 
lech theo chieu ngang va chieu doc. Ldc quet tia dien tu - ngang tren 
man h)nh nhd mot xung dien hinh rang eda vdi thdi gian difdc xac 
dinh (mach tao goc thdi gian - time base) va co the thay doi theo 
tan so cua tin hieu d ngd vao. Ldc quet doc tren man hinh do sir thay 
doi dien ap cua tin hieu ap dung d ngd vao. Ket qua tren man hinh 
se hien thi dang song ciia tin hieu vao. 

3- Mach nhan tin hieu vao co the chon bien do thich hdp nhd cau 
phan ap co nhieu nac td nhd den ldn de dang song tren man hinh co 
do cao thich hdp. 

Hien nay, hau het may dao dong ky deu la loai co 2 tia am 
ede, de dong thdi cd the hien thi hai dang song. Dao dong ky dufdc 
dng dung de do dien ap, tan so hay goc pha cua cac song dien. 
Nhieu trUcJng hdp con dude dung de Idem tra hay khao sat do rqng 


114 



ChUctng 11 


May dao dong ky 


xung, clo doc, thcli gian tre cua cac tin hicu dien. Nhdng dac tuyen 
cua linh kien dien tu’ cung co the hieu thi tren man hinh cua dao 
dong ky. 

§11.2- SO DO KHOI CUA MAY DAO D0NG KY 



Hinh 11.1 : Sc) do khoi may dao dong ky 


Tin hieu Y la tin hicu can khao sat qua mach phan ap, mach 
khuech dai mi difa den 2 ban cut dieu khien keo tia dien tuf theo 
chieu doc. Tin hieu nay con dtfcfc difa den mach dong bo de dieu 
khien mach tao xung rang etfa, qua mach khuech dai X, cap cho 2 
ban cut dieu khien keo tia dien tuf theo chieu ngang. 

Tin hieu dong be) con cd the lay trifc tiep tuf ben ngoai va ct> 
the khong qua mach tao xung rang ala neu bien do du ldn. 










Do lUc'tng dicn va dicn tiir 


Nguyen TAn Phiftjc 


De do dien ap tin hieu Y, phai dung bicn dp ehuan trong 
may, xac dinh gia tri tt'fng d doc tren man hinh roi mdi do bicn do 
cuci Y de so vdi gia tri ehuan. 

De do tan so hay chu ky cua tin hieu Y, phai suf dung much 
ehuan thdi gian, ehuan gia tri lifng d ngang tren man hinh roi nidi do 
chu ky cua tin hieu Y, sau do qui ra tan so. 

§11.3- DEN CRT 
1- Cau tao 

Den CRT cd cau tao kha phiYc tap. gdm cue bp phan eit ban 
dat trong mot dug thuy tinh da hut hei khdng kht la: 

- Tim den F, am cifc K, luVti G 

- Cac difdng cut A|, A 2 , A, 

- Cac ban cUc lam lech lia dien tif 

- Man hinh phat quang 
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May dan dong ky 


2- Nguyen ly hoat dong 

a) Tim den F: lam bang day tungstene dittfc dot ndng bdi 
nguon dien ap xoay chieu 6,3V. 

b) Cathod K: lam bang niken, co dang hinh tru bao quanh 
tim den non etude tim den si/cti ndng, mat day phiing phu Idp oxit de 
tang kha nang but xa dien tif. Cathod difdc cap dien ap am (-2kV) 
(if khoi nguon de tao chenh lech ldn so vdi dien ap d man hinh. 

c) Litt'li G: cung lam hang niken dang chiec coc, day ed Id 
nhd de dien tif phat ra tCf am cite di den man hinh la l tia nhd. Li/di 
ed dien ap khoiing -2,05kV (am hdn am eifc). 

d) Cac Anod (difdng cifc): 

* Anod thtf nhat A| ed dang hinh tru, dien ap cuaAi la OV 
non ditttng kha eao so vdi am cut. Dieu nay se lam gia toe tia dien 
lit (if am cut qua ludi den anod. 

* Anod thif hai A 2 (con goi la lifdi hoi tif) ed dang hinh tru 
rdng, ndi vao dien ap am -2kV, de tap trung tia dien tuT thanh tia that 
nhd; anod thif ba Ax cung ed dang hinh tru rdng, not vao dien ap OV 
(cao hdn am cife) de tao ra trifdng gia toe trifdc khi den man hinh. 

e) Ban cifc lech doc va ngang: 

Trong den CRT con bo tri cac ban cut keo tia dien tuf theo 
chieu ngang (true X), theo chieu doc (true Y). Gitfa cac ban cifc lech 
ngang va doe ed tarn la chan each dien de ngan anh hitting dien 
trifdng giCTa cac ban cifc. 

Dien ap dat tren cac ban cut lech tia la +E/2 va -E/2 nen 
dien ap chenh lech giffa 2 ban eifc la E. Dien tuT hi hut ve ban eifc 
difdng, dong thdi hi day bdi ban cifc am nen tia dien lu: bi lam lech 
di. Dien ap dat vao hai ban cut lech ngang la dien ap xoay chieu 
lam tia dien lit lien tuc hi keo qua lai se eho difdng sang theo hang 
ngang. Dien ap dat vao hai ban cut lech doe la tin hieu Y can khao 



Do ludng dien va dien tijf 


Nguyen Tan Phifdc 


sat, tuy dang song ma tia dien tu 1 se bj keo len xuong, ket hdp lut 
keo ngang, tia dien tuf se dap vao man hinh va cho ra dang song eua 
tin hieu Y. 

f) Man hinh phat quang: 

- Man hinh diidc che tao bang thuy tinh co phu Idp phospho cl 
mat trong. Khi chum tia dien til dap vao man hinh, dien tuT trong ldp 
phospho co mtfc nang lifting tang len rat cao va phat quang khi trd 
ve mtfc nang lifting thirting. Do sang cd the duy t ri vai milli giay de 
vai giay. Mau phat ra co the la xanh, do, luc hay trang. 

- Chat lieu phospho each dien, nhuhg do phat xa thtf cap, 
man hinh chtfa mot dien ap am, lau dan tich luy se day cae dien tur 
dpi ra. De tranh hien tifng nay, ngtftli ta phu mot ldp than (adaquag) 
quanh cd den hinh, dien til phat xa thtf cap hi hiip thu bdi Idp than 
nen khong tich luy va khong tao diftlc dien ap am. Mol so den khac, 
man hinh co mot ldp nhom indng trang len mat den hinh de hut dien 
tuf thtf cap xuong mass. 

§11.4- MACH KHUECH DAI TIN HIEU LECH DOC 

1- Sol d6 (Hinh 11.3) 

2- Nguyen ly 

Dien ap can khao sat d ngo vao se diftlc bien doi thanh hai 
dien ap bang nhau va ngiftlc chidu la +E/2 va -E/2. Mach khuech 
dai vi sai doi xtfng trong hinh 1 1.3 cd tac dung doi til mot tin hieu 
ngd vao (DC hay AC) thanh hai tin hieu ra vi sai. 

Transistor Qi va Q 4 la hai transistor rap kieu C chung (ra & 
cifc E) de cd tong trd vao ldn (yeu cau doi vdi cac thiet bi do lifting). 
Transistor Ch va Qi la mach khuech dai vi sai rap kieu ede E chung. 
Dien ap ra giufa ctfc C 2 va 0110 Cy la dien ap dat vao hai ban cue lech 
ngang. 



ChUdng 11 


May dat> dong ky 



Khi dien ap vao ctfc B| = OV, neu ctfc B 4 cung dieu chinh 
nhft Rio cung d mute OV, ca hai transistor Qi va Q 4 deu cho ra V E! va 
V E4 < OV. Luc do, Vbi va V B 4 < OV, Q 2 va Q 3 se dan di?n va difdc 
ti'nh sao cho Vc 2 = Vo = OV. 

Bien trd R 4 ddclc dieu chinh bu trif cho sif sai biet cac thong 
so cua mach de co trang thai can bhng cl ngo ra. 

Khi co dien ap xoay chieu ap dung cl ngo vao, neu dien ap > 
OV, Qi va Q 2 dan manh, Qi v& Q 4 dan yeu dda den dien ap ra Vc 2 va 
Vo bien thien ngddc nhau theo nguyen ly mach khuech dai vi sai. 

Bien trd R| () dung de dieu chinh dien ap V B 4 lam thay doi 
mure dien ap mot chieu se djeh chuyen chum tia dien tur len xuong 
tren hoac dddi difdng ngang giOfa man hinh. 
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Do luftng dien va dien luf 


Nguyen Tan Phude 


§11.5- TIN HI$U QUET NGANG (B0 TAO GOC THCfl GIAN) 

Be thtfc hien viec keo tia dien 11 } qua lai tir trai sang phai cua 
man hinh, trong may dao dong ky dung mot tin hieu tao goc thefi 
gian dat vao hai ban cite X va goi la tin hieu quet ngang. Tin hieu 
quet ngang co dang hinh rang ci/a. Neu tan so cua tin hieu Y can 
khao sat ldn hdn tan so tin hieu quet n Ian thi tren man hinh se hien 
thi n chu ky cua tin hieu Y. 


0 1 2 3 4 m* 



ban cite ngang X 


9 


(c) Dang song hien 
thi tren man hinh 

Hinh 11,4a : Dang song tin hieu quet ngang, tin hieu vao la sin 


3 
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Do luting dien va dien liif 


Nguyen Tan Phifdc 


Neu ti so ctia hai tan so la mot tri so nguyen thl tren man 
hin 1 1 se co dang song difng yen, neu ti so cua hai tan so la mot so’ le 
thi dang song se chuyen dong (rung hay ehay ngang) va khong quan 
sat dtfdc. Nhif vay can co sif dong bo gitfa tin hieu vao va tin hieu 
quet. Tren dao dong ky difdc thiet ke co num vi ehi’nh tan so quet dc 
dat difdc sif dong bq chinh xac. 



Hinh 11.5 : Mach tao tin hieu quet ngang 
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May dan dong ky 


Mach dien 1.5 la mach tao tin hieu quet ngang con goi la 
mach tao goc thdi gian. Tin hieu dong bo dtfdc dtTa vao ngo diio ngo 
-), tu C 2 la tu lien lac de each ly dien ap mot chieu, dicn trc'l R 7 nhan 
dien ap dong bp. Op-amp la much Schmitt Trigger nhan tin hieu 
rang eda lay tu 1 ngo ra V ] dda vao ngo khong dao (ngo +) qua trd R ft . 

Op-amp co dp khuech dai vong hd rat Idn (khoang 200.000 
lan) nen chi can mot su" sai biet dien ap rat nhd d ngo vao cung du 
lam cho mach Schmitt Trigger bao hoa va dien ap ra V 2 se dat rntfc 
gan bhng nguon. Khi bao hoa difting co: V 2 = +(Vrc-lV), khi bao 
hoa am co: V 2 = -(V EE -1V). 

Khi ngo + co dien ap mdc tdi thieu (V] + < Vf), op-amp bao 
hoa am. Liic do. dien ap Vn 2 am, T 2 nguiig dan, dong I| khong qua 
T 2 ma nap vao tu C] lam dien ap tren tu tang len, ttfc la Vi tang len. 
Khi V| tang len du ldn, (Vf > Vf), mach Schmitt Trigger doi (rang 
thai va op-amp bao hoa during. 

Khi op-amp bao hoa dddng, dong Ib 2 qua R 4 dieu khien T 2 
bao hoa, dong dien b se qua T 2 xudng nguon -Vbe- Luc do, tu C| se 
xa dien lam dien ap Vi giam nhanh. Qua trinh nap dien va phong 
dien cua tu C| tao ra song rang ci/a, thdi gian nap dien dai, thdi gian 
xa dien ngan. Hinh 1 1 .6 minh hoa dang song ra cua V 1 va V 2 . 
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Do luttng dicn va dien tuT 


Nguyen Tan Phiftfc 


R 5 la: 


Tai iWi diem life thefi doi irang lhai, dong dien qua dicn ird 

/= = illi - |r ) 


Dong dien nay cung chfnh la dong dien qua R<, dtfdc cho ru 
bdi dien tip ngd vao: 


!R* = 


On 

R: 


R, 


Day ehinh la dien ap trigger (dien up ngLfdng): 
iri^ervohuf'c = (/ ',, - Ii') 

Trong so do hinh 11.5, transistor Qi ehinh la much nguon 
dong dien on dinh (constant current source). Cau phan ap R| va Ri 
dung phan ede on dinh cho ede B|, dien ap tren Ri ehinh la: 


Vr.i - Vm - Vu E 

Dong dien Iri la hang so va di/Oc tinh theo edng thuTc: 


Muon lhay doi trj so dong I| thl cd the lhay doi dien trc’l Rx 
bing bien trot. 

Dong dien nay nap vao tu Ci khi Q> ngdng va dong nay trd 
thanh dong Ic; khi Qj bao hoa. 

Do dong nap vao tu la hang so nen dien ap tren tu tang tuyen 
tinh theo thrti gian theo cong thde: 


/ T 

A,/| = ~cT 


q r Al '^ 

Suy ra: T = —-— L 


T: chu ky xung rang eda 
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May dan dong ky 


Chu ky cua xung rang cifa luy thudc dong dien ]| va tu C L 
De limy doi chu ky quel, ngufri La dung each thay doi iri so cun tu 
bang nui chon Timc/Div (thdi gian / vach chia). Bicn trd R^dung de 
dieu ch'inh vo cap (Sweep) irong tufng nac cua nut chon Time/Div 
cho ra tan so quel ngang dong ho ehmh xac vdi n lan tan so cua tin 
hieu lech doc. Vice dong bo giifa tin hieu do va tin hieu quel dift.fc 
thifc hieu uf dong iheo nguyen ly tren. 


§11.6- DAO DONG KY HAI T1A 

Hien nay hau het dao dong ky deu la loai hai lia de co the 
khao sal dong thefi hai lin hieu. De tao ra hai tia, co the thifc hien 
iheo hai phififng phap: 

Dung hai ong phdng tia dien liV rieng hiet. moi tia cho ra 
mol dang song (hinh 1 1.7a) 

Dung mot ong phdng tia dien ti'f nhitag chum lia diMc 
lach lam hai phan rieng tnfdc khi di qua cac ban ci/c lam 
lech tia (hinh 1 1.7h). 


[ «QD<- 

y 

m) 

M ( k | m.lnmi i'll4,u* 

f~ 4^ 1 

S£ TOROS' 

ii 

B 


Spill Imm'h (,P r 


Hinh 11.7 : Ong phdng lia dien lufdao dong ky 2 lia 
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Do luring dien va dien tir 


Nguyen Tan Phtfdc 


Dao dong ky sidling hai phifclng phap tren deu chi dung mot 
bo ban cut quet ngang. Tin hieu rang cifa cua mach tao song quet 
ngang di/de difa vao hai ban cifc lech ngang de dong thdi lam lech 
ngang hai chum tia cua hai tin hieu lech doc can khao sat. 


1 - Hai ong phong tia dien tuf 

So do hinh 11.8 la so do khoi cua dao dong ky cd hai ong 
phong dien tuf rieng. Hai tin hieu can khao sat vao hai kenh rieng 
biel A va B. Moi kenh deu cd mach khuech dai tin hieu lech doc de 
di/a den hai cap ban cifc lech doc, mach tao goc thdi gian va mach 
khuech dai ngang dieu khien dong thefi ca hai tia nhfr mot cap ban 
cifc lech ngang. 


Chinnc! 
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amplifier 
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HoriiontaJ 

deflection 
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Vertical 
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(a) Deflection system Tor dual beam oscilloscope 



Hinh 11.8 : Set do khoi cua dao dong ky 


co hai ong phong dien td rieng 


2- Mot Ang phong tia dien tuf chia lam hai tia 

Set do hinh 11.9 la set do khoi cua dao dong ky co mot ong 
phong dien tuf dif etc tach lam hai chum rieng. Hai tin hieu can khao 
sat vao hai kenh rieng biet A va B. Hai tin hieu nay diflic chuyen 
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May dao dong ky 


mach luan phien giffa kenh A va B nhcl khoi chuyen mach dien tuf 
lech doc. Tan scY chuyen mach duTOc lay ttf mach tao goc thcfi gian 
cua khoi quet ngang. 



(h) DefleeUOP tynem for iinf be beam dulllf** e nu:Lllo«CDp£ 


Hinh 11.9: la sd eld khoi cua dao dong ky co mot ong phdng dien tuf 
ddctc tuch lam hai chum rieng 


Bdi vdi dao dong ky loai nay, tan so chuyen mach can cd tri 
so cao de tranh tru'dng hdp dang song hicn thi hi dtft net khi khao sat 
nhCng tin hieu cd tan so cao. Hinh 11.10 minh hpa cho hai trifdng 
hdp nay. 



VoUxgEi 
applied to 
vertical 
dr flection 
amplifier 



to 


(a) Tin hieu vao kenh A hinh 
sin. kenh B hinh tarn ttiac 

fbl Goc thdi eian . 

(c) Dien ap vao mach khuech 

dai quet doc 

(d) Hai dang song eimg hien 

thi 
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(a) Tin hieu van kenh A hinh 
sin. kenh B hinh tam itiac 


(b) Dien ap van mach khuech 
dai quet doe dang ngal dan 


(c) Hai dang song hi durt net khi 
khao sat tin hieu tan so cao 


Hinh 11.10 : Khao sat hai dang song ciing luc 

§11.7- Si/ DUNG DAO DONG KY 

Hinh 11.11 la mat trifdc ciia mot dao dong ky ticu hieu vdi 
cac nut chinh, hinh 11.12 1a mat sau vtfi phan hulling dan chon nguon 
cung cap va cac lull y quan irong. 

1- Cac nut c£p ngudn va chinh CRT: (Power supply and CRT) 

1) Power switch ON/OFF: an vao nut nay de mtJ nguon, an 
lan thuThai lam nut bat ra la ngat nguon vao may. 

2) Power lamp; den sang ban may dang difttc cap nguon. 

3) Intensity knob: nut chinh do sang cua dang song tren man 

hinh. 


4) Focus knob: nut chinh do sftc net cua dang song cho de 
nhin nhai. 
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Chi/dng 11 


May dao dong ky 



Hmh 11.11a : Mat trtfdc cua dao dong ky va cac nut chinh 
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Do lifting dien va dicn tuf 


Nguyen Tan Phiftic 















Chifdng 11 


May dao dong ky 
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Do lifting dicn va dicn tfl 


Nguyen T;Vn PhuVic 


5) Trace rotation: nut chinh lam xoay tia quet cho song song 
vdi cac dtfdng ke ngang tren man hinh. 

6) Scale Ilium knob: dieu chinh mdc do sang. Nut nay difdc 
suf dung khi may hoat dong trong vung toi hay khi muon chup lay 
anh cua dang song. 

37) Fuse holder/ Line voltage converter: cho dat cau chi va 
doi nguon dicn cap cho may. 

38) AC Receptacle: d cdm day ndi nguon AC. 

2- Cac nut chinh hang doc: (Vertical axis section) 

30) CH 1 input connector: ngo vao cua tin hieu can khao sal. 
Khi d phu’dng thdc X-Y thi day la ngo vao cua true X. 

24) CH 2 input connector: ngo vao cua tin hieu can khao sat. 
Khi d phticing thtfc X-Y thi day la ngo vao cua true Y. 

22) va 29) AC-GND-DC: niit gat dc chon each ghep tin hieu 
vao mach khuech dai hang doc. 

- Vi tri AC: ngo vao ghep qua tu dicn, mdc dien ap DC cua 
tin hieu bj loai bd, chi cd mdc AC ditdc hien thi■ 

- Vi tri GND: ngo vao cua much khuech dai doc bi ndi mass. 

- Vi tri DC: ngo vao ghep trite tiep, tin hieu ngo vao ca thanh 
phan AC va DC deu ddOc hien thi tren man hinh. 

25) va 33) Volts/Div selector switch: (Division) ho giao hoan 
dc chon do nhay cho tin hieu lech doc. Chon vi tri sao cho hien do 
tin hieu tren man hinh de doc nhat. Ne"u probe (coc do) chon vi tri 
10:1 thi do cao do ddOc phai nhan len 10 lan. 

Cd cac nac: 5,10,20,50mV va 0.1,0.2, 0.5, 1,2, 5V. 

26) va 32) Var knob: nut chinh phang hien dp cua tin hieu 
lech doc. Neu chinh het uieo chieu ngitdc chieu kim dong hd thi 



ChtfcJng 1 1 


May dao dong ky 


bien dp hi giam con 1/2,5 Ian cua tri so Volts/Div dang chon, 
Thtfring thi nut nay duMc xoay he l Ihco chieu kim dong ho. 

20) va 36) x 5 Mag: neu keo nut nay ra thi do can theo true 
doc difitc ling len 5 Ian, do nhay cuo nhat trd thanh ImV/Div, 

23) va 35) Position $ : mil chinh vi tri tin hieu di chuyen len 
\udng theo chieu doe cua 2 kenh CHI va CH2. 

21 ) Invert push Button Swich: khi an nut nay thi tin hicu cho 
van ago CH2 hi dao n gift 1c lai (dao pha). Chtfc nang nay thuan lpi 
khi so sanh 2 tin hicu khac pha nhau hay khi hien thi hai dang song 
kenh 1 va 2 dung kieu ADD (cong bien dp 2 tin hieu). 

34) Bat ra; chi cd tin hieu van CHI hien thi tren man hinh, 
an vao: chi’ cd tin hieu vao CH2 hien thi tren man hinh. 

28) Dual: ca hai tin hieu cho vao 2 ngd CHI va CH2 deu 
dong thrii hien thi tren man hinh. Chop: ca hai tin hieu dtfpc hien thi 
dong thdi theo kieu ehia nhd ra. 

3 1) ALT (alternate): ca hai tin hieu cho vao 2 ngd CHI va 
CH2 luan phien hien thi iron man hinh, 

28) va 31) ADD: an cimg Lie 2 nut nay, hien thi tong dai so 
dien ap cua hai kenh CHI va CH2. Sif khac biet dien ap gitfa 2 
kenh sc hien thi khi an nut Invert. 

40) CHI singal output connector (mat sau): epe noi tin hieu 
ngd ra cua kenh 1. 

3) Cac nut chinh hang ngang: {Horizontal axis section) 

14) Horizontal Position: nut chinh vi tri tin hieu di chuyen 
qua lai theo chieu ngang. 

15) Time/Div selector switch: chon toe dp quet tCr 0,1 ps/Div 
den 0,2s/Div trong 20 nac chuan. 
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Do lifting dicn va dicn til 


Nguyen Tan PhUric 


12)X,Y: hien thi tin hieu cua 2 kenh CHI va CH2 nhif mot 
do thi X,Y. Tin hieu quet doc cho vao ngo CHI va tin hieu quet 
ngang cho vao ngo CH2. 

11) Sweep Var Control: khi nut nay xoay het theo chieu kim 
dong ho, viec quet se di/pc chi thi bdi cong tac chon Time.Div. Neu 
xoay het theo chieu ngiipc lai thi viec quet se nhd hdn 1/2.5 cua nut 
chon Time/Div. 


9) (x5) xlO Push Button: khi an nut nay thi do rong cua tin 
hieu se tang len (5) 10 Ian. ThOi gian quet se trd thanh 1/10 gia tri 
ciia vi tri Time/Div dang chon. 

4) Phan chon xung kich 

18) Trigger source selector switch: chon nguon tao xung 
quet. Co 4 vi tri: 

- Int: tin hieu vao CHI hay CH2 tni thanh tin hieu xung kich 

- CH2: tin hieu vao ngo CH2 tret thanh tin hieu xung kich 

- Line: tan so nguon dien lu’di trd thanh tin hieu xung kich 


- Ext: tin hieu ngoai dat vao ngo TRIG input tret thanh tin 
hieu xung kich 


19) Ext input connector: coc noi nhan tin hieu xung kich ben 

ngoai 


17) Trig level knob: nut chinh bien dp diem tren dang xung 
kich se khdi dong quet 

10) Slope knob: nut chon cifc tinh ciia difOng doc cua dang 
xung quet. 

(+) doc len hay bat dau bang ban ky diTPng khi nut bat ra 
(-) doc xuong hay bat dau bang ban ky am khi nut hi day vao 
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Hlnh 11.13: Mot vai hieu dao dong ky thong dung 
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Do lirilng dicn va dien tiif 


Nguyen Tan PhiTdc 


§11.8- ONG DUNG CUA DAO DONG KY 

Trong ky thual dien ttif, dao dong ky dtfdc suf dung phuc vu 
cho viec hoc tap, thl nghiem, thiet ke, kiem tra hay sura chffa cac 
thiet hi dien tuf. 

NhCfng tfng dung quan trong nhat cua dao dong ky la: do dien 
ap, do chu ky hay tan so, gdc pha cua cac tin hieu xoay chieu. 

1- Do dien ap va t^n so'cua tin hieu 


Dien ap dinh den dinh Vppcua cac dang song se diTdc hien 
thi dong thrti vdi tan so tren man hinh khi khao sat bang dao dong 
ky. 


u«-8.8 D1V-- 

I < 



\' A - (4.5» t)lV) X 100 mV/DIV 
l $ -- (2 DIV) X | 00 mV/DIV 
2T a * (8.8 DIV) X 0.5 tm/DIV 
67 B * (8 8 DIV) X 0.5 rm/DIV 


riMU/DlV 



VOL'I S/L»V 

I 



Hinh 11.14 : Do dien ap va tan so" cua tin hieu 

Theo hinh 11.14, dang sdng A co bien do dinh den dinh la 
4,5 6; dang song B co bien do 2 6. Dang song A co 2 chu ky, dang 
song B co 6 chu ky. 
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Nut chon Time / Div d vj tri 0,5 ms / Div; nult chon Volts / 
Div Cl vj tri 100 mV. 

Bien do dinh cua 2 tin hieu la: 

V A = (4,5 Div) x 100 mV/Div = 450 mV 

V B = (2 Div) x 100 mV / Div = 200 mV 

Chu ky cua 2 tin hieu la: 

2T a = (8,8 Div) x 0,5 ms / Div = 4,4 ms 

T a = 2,2 ms => f =—L^ = 450Hz 

2,2.10' 5 

6T b = (8,8 Div) x 0,5 ms / Div = 4,4 ms 

T b = 0,73 ms => f. =-- r = 1370 Hz 

‘ * 0,73.10' 

2- Do got* lech pha cua 2 tin hieu 

I 

Ctmirncncrmrni -- - $ [»jv - 

•if c\clr 
'\ 

1.4 1JJV _ 

Commencement 
ul evete 

Hinh 11.15a : Do gdc lech pha 

Trong hinh 11.15, hai dang song lech pha nhau nhi/ng co 
cung chu ky la 8 6. Moi chu ky co 360° nen moi 6 la: 
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Nguyen Tan Phifdc 


\div = 


360 

8 


= 45° 


Hai dang song lech nhau 1,4 6 nen goc lech pha la: 
\Adiv = l,4.x45° =63“ 



Phase 

difference 


T1ME/DIV 

i 



VOLTS/DIV 

I 



Hinh 11.15b : Do goc lech pha cua 2 tin hieu khac bien do 


3- Khao sat dac li'nh ciia linh kien dien ttif 

a) Khao sal dac tinh cua diod: 

Diod la linh kien ban dan co dac tinh quan trong nhat la quan 
he giuTa dong dien Id theo dien ap V D . Thiet lap mach dien nhif hinh 
11.16, tin hieu rang cifa phai co bien do thich help vdi stfc chiu dtfng 
cua diod va dien trcl R|. 

Theo hinh ve, R| = IkQ. Neu dong dien qua diod la I = 1mA. 
thi dien ap rdi tren R| la: V R = 1mA x IkQ = IV . 
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Nut Volts / Div chon vi tri IV / Div thi moi 6 se lifting (frig 
vi'li gia tri 1mA. 



^ Otcillmcopr 
icrtictl input 


h Oiolbucopc 
hixiconui input 



'-1-1-1-1-1_ t i _I 

(H 0.7 0.6 0.3 0.4 0.3 0.2 0.1 0 


(m,V) 


5 


4 t 
J >, 
2 

1 

0 


(b) CHciUmcope ditpjay of dunk 
turned cnjractcmtici 


Minh 11.16 : Khao sat dac tinh thuan cua diod 


Tin hieu hinh rang eifa nen co tan so trong khoang 100H/ 
den 1kHz. Nut Time / Div chon vj tri thich hrip la 0,1ms / Div hay 
0,2ms / Div. 

Dien ap tren dien trd R| defile difa vao ngo hang doc (vertical 
input) cua dao dong ky, dien ap tren diod diftlc difa vao ngo hang 
ngang (horizontal input) cua dao dong ky. 
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Do lining dicn va dicn tuf 


Nguyen Tan Phifdc 


Tren dac tuyen dufdc hien thi eo true tung chi dong Ip (mdi 6 
la 1mA), true hoanh eh? dien ap V D (moi 6 la 0,1V). Day la dac 
tuyen khi phan cifc thuan diod. 

b) Khdo sat dac ttnh cua transistor: 





N Oscilloscope 
vertical input 

- 


I OVrll'OSCOpC 
] horizontal input 


/ f * 50 \iA 
t B « 40 nA 
l B * 50 * 1.4 
l B “ 20 *i A 
t B - 10 fiA 


t 1 -J _1_I_I-I-1- L 

(V) 8765452 10 


(b) Oscilloscope display of transistor 
collector characteristics 

Hinh 11.17 : Khao sat dac tinh ngo ra cua transistor 
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Transistor la linh kien ban dan c6 dac tinh quan trpng nhat la 
quan he giffa dong dien I c theo dien ap Vce > Thiet lap rnaeh dien 
nhif hinh 11.17, tin hieu rang ctfa phai cd bien dp thich hpp vdi site 
chiu di/ng cua transistor va dien trd R\ . 

Tin hieu rang cifa dude ap dung vao cifc C giong nhd trong 
much khao sat diod. Ci ic B dude cap nguon phan ctfc co the dieu 
ehinh dude dien ap do thay doi dong dien 1^ 

Dien ap tren dien trd R| dude dda vao ngo hang doc (vertical 
input) cua dao dpng ky, dien ap tren transistor dude difa vao ngo 
hang ngang (horizontal input) cua dao dpng ky. 

Mdi tri so \ H se cho ra mot dudng dac tinh tren true toa dp, 
cho thay quan he giffa 1 c va V rF .. 

4- Hinh Lissajou 

Dao dong ky con cd khu nang hien thi si/ sai lech gdc pha 
gitfu hai tin hieu sin cd cung tan so bang nhffng dudng dac sac, got 
la hinh Lissajou. 

Khi gdc thdi gian cua dao dpng ky dddc ngat va tin hieu hinh 
sin dude ap dung vao ca hai ngo hang doc va ngang, ket qua hien thi 
se tuy thupc stf quan he giffa 2 tin hieu nay. 


Vertical 

input 


Horizontal 

input 



Display 


-o 


Hinh \ 1.18a : Chi' co tin hieu vao ngo hang doc 




Do lurtng dien va dicn uV 


Nguyen Tan PhiftV 


Vertical 

inpat 


Horizontal 

input 


(b\ 



Display 


Hinh 1 M8b : Chi c6 tin hieu vao ngo hang ngang 
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Hinh 11.18c : Hai tin hieu vao dong pha 



(*) 

Hlnh 11.1 Hd : Hai tin hieu vao dao pha 
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lech pha tuf 90° den 180° 
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TU SACH KY THUAT DIEN - DIEN Tlf 

CUA TAC GIA NGUYEN TAN PHl/CfC 


* GIAO TRINH DIEN I lf KY THUAT 

1- Linh kien dien ttf (kho 16x24) 

2- Mach dien ttf - Tap 1 

3- Mach dien ttf - Tap 2 

4- Mach dien ttf - Tap 3 

5- Mach so - lap 1, 2 

6- Mach ttftfng ttf (kho 16x24) 

* GIAO TRINH DIEN Ttf CONG NGHIEP 

1 - Linh kien dieu khien 

2- Ky thuat xung can ban va nang cao 

3- Dien ttf ifng dung irong cong nghiep- Tap 1 

4- Dien tiV ifng dung trong cong nghiep- Tap 2 

5- Dien ttf cong suai 

* GIAO TRINH DIEN CONG NGHIEP 


(tai ban lan thtf 11) 


(lai ban lan thu’ 6) 
(tai ban lan thu' 5) 
(sap xuat biin) 
(da xuat ban) 
(tai biin lan thtf 3) 


(tai ban lan thtf 6) 
(tai ban lan thtf 4) 
(tai ban lan thtf 4) 
(sap xuat ban) 
(tai ban lan thtf 2) 


1- Dien ky thuat 

2- Do lifting dien va dien ttf (kho 16x24) 

3- Khi cu dien - Truyen dong dien 

4- Trang hi dien 

* GIAO TRINH DIEN Tlf Tlf DONG HOA 


(sap xuat biin) 
(tai ban lan thtf 1) 
(sap xuat biin) 
(sap xuat biin) 


1 - Lap trinh vtfi PLC Logo, Easy va S7-200 (tai ban lan thtf 6) 

2- Lap trinh vtfi PLC Zen, CPM2A va Inverter Omron (tai ban lan thtf 4) 

3- Cam bien -Do ltftfng va dieu khien (kho 16x24) (tai biin lan thtf 1) 

4 -Trang hi dien khong tiep diem-Thang may cong nghiep (sap xuat ban) 
* GIAO TRINH DAY NGHE - HUCiNG NGHIEP (kho 14x20) 

1- Sifa chtfa Thiet bj Dien - Dien ttf gia dung (da xuat ban) 

2- Dien va Dien ttf can ban (da xuat ban) 

3- Dien ttf cong nghiep va Cam bien - Tap I (da xuat ban) 

4- Dien ttf cong nghiep va Cam bien - Tap 2 (sap xuat biin) 

5- Ampli - Ly thuyet va Thtfc hanh (sap xuat ban) 


Gia: 26.000 dong 




